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An Editorial: Driver Attitude 


OW well do you drive? How well do your friends and neighbors 
H in your community drive? 

These are simple questions but the answers to them are not. 
Probably you drive very well. And probably you regard the driving 
of many others you meet as “careless and dangerous.” Unless you 
are exceptional, you have one criterion for yourself, a different 
criterion for other drivers. 

That biased appraisal is one of the important factors in the 
driving public’s poor attitude toward driving. There are sixty 
million drivers. They have been officially qualified under widely 
different procedures. Examinations for driver-permits are as various 
as the states providing them. 

It seems axiomatic that such procedures should be based on a 
minimum standard, and permits to drive should not be issued with- 
out prescribed conditions extending to their use. 

A comprehensive uniform standard can provide much to de- 
termine and prescribe “driver attitude’’ once a permit to drive has 
been issued. 

Considerable progress is being made in psychological studies of 
driver-attitude. These studies in time will prove highly beneficial 
in a better understanding of the driver problem. 

Until then we might profitably consider some of the simpler 
aspects of driver behavior. 

Taken separately, minor bad driving habits seem to have no 
real significance. Most drivers have faults, but all could correct them 
without detracting from their ease and interest in driving. 

Many of the simplest driver faults are obvious, general, and 
extensive. Collectively they make the difference between good and 
poor drivers. 

Studies and tests have proved that the simple violation type of 
driver is potentially a road hazard, a principal contributing cause 
of our high accident rate. 

Proper licensing could control driver habits that endanger life 
and property. From experience and continued study of the problem, 
all states should be fully aware of this. 
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Some states appear content to measure the effectiveness of their 
corrective efforts by comparing results with those of a previous year 
or of a neighboring state—a contentment and a measurement that do 
not insure a control of dangerous driving. 

Driver licensing is an area in which we know far more than we 
use. Yet we can use every fact we have—by organizing to do it. First, 
states should confer, agree on a program, and take concerted action. 
They should do this because of their records, because of serious 
variations in driver-licensing; because of increased interstate motor 
travel and confusion, and because of the high accident and death rate 
throughout the nation. Organization and action are states’ duty and 
responsibility. 

One state with a mild climate has four times the death rate of 
another state with a severe climate. Death-and-accident rates of two 
states with contiguous borders and comparable topography vary 
widely. The one state that does not require an examination or license 
has a lower death rate than the national average. 

These three examples are full of apparent contradictions. They 
stem mainly from inadequate requirements and miscellaneous 
methods of examinations and issuance of driver-permits. ‘The ex- 
aminations do not determine how well you drive, nor how well you 
will drive. They do not impress on the applicant the seriousness or 
consequences of bad driving or the cultivation of bad driving habits. 

The states can correct this lethal, costly fault if they determine to 
do so and the states themselves should do it. 

For this, we need a leader. 


LW. 

















Traffic Estimates for Expressways and 
Other Public Toll Revenue Projects 


GEORGE W. BURPEE 


Mr. Burpee is a partner in the firm of Coverdale and Colpitts, Con- 
sulting Engineers, of New York, with whom he has been associated 
for more than thirty years. He has devoted a great deal of attention 
to highway transportation and the financing of bridges, tunnels 
and turnpikes by the sale of public revenue bonds. His firm made 
a report for the first factlity of this kind, the Louisville Bridge, 
financed by toll revenues. Mr. Burpee is a director of several cor- 
porations, a past president of the American Institute of Consulting 
Engineers and vice president of the American Society of Civil 
Engineers. 


HIS paper will deal mainly with expressways and other high- 

way facilities operated by a public body and financed by the 
issue of bonds secured solely by the tolls paid by users. ‘The 
same general processes could be used to determine the volume of 
traffic for free expressways. There is this difference in the emphasis 
placed on volume of traffic: in determining the volume of traffic that 
would use a toll facility, conservatism dictates that volume be not 
overestimated; in the case of a free facility conservatism requires 
that the facility be constructed with capacity to handle the traffic 
without congestion. 

In estimating the income that may be expected from a public 
toll revenue project, the engineer must realize that his judgment is 
the basis for investing millions of dollars. Nonetheless, his aim must 
be to make the most accurate forecast possible so as not to discourage 
the construction of a worthy project by undue conservatism, nor to 
overstate the traffic and so run the risk of discrediting the project by 
its eventual failure tu earn its interest. 

In estimating traffic volumes for design, conservatism calls for 
liberal forecasts and liberal future projections to keep the highway 
facility from becoming inadequate to perform its functions within 
a few years. Economy often dictates that the initial cost of a project 
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be kept at a minimum. In such a case it is important to pro- 
vide, wherever possible, if traffic develops above that estimated, for 
expanding the facility to carry the additional volume without un- 
due congestion. 

Since traffic surveys for expressways and other toll highway 
facilities follow the same general pattern, both will be discussed. 

The first public toll revenue bonds for financing bridge construc- 
tion were issued in 1928 for the Louisville, Kentucky, Bridge across 
the Ohio River. Since that time more than one hundred such proj- 
ects including expressways have been financed by this means, and 
to the best of my knowledge, none is in default. Several were issued 
before the depression of the ’30s and many more before the com- 
mencement of World War II with its three years of restricted use of 
motor fuel and automobile production. We therefore have some 
history of the behavior of traffic using these facilities as well as the 
behavior of the bonds. 

Making a study for a project to be supported solely by tolls usu- 
ally follows this pattern: 

1. The preliminary or feasibility study uses existing data sup- 
plemented by personal observations on the ground, and approxi- 
mate estimates of traffic and revenue based thereon; also rough esti- 
mates of construction costs, all taken together to ascertain whether 
the project is sufficiently promising to warrant the expense of a com- 
plete study. 

2. If the feasibility study indicates that estimated revenues will 
support the financing necessary to pay construction and related 
costs, studies can then proceed to determine more accurately reve- 
nue, location and construction costs. 

The questions that the usual traffic report must answer are 
these: 

1. What is the traffic already in existence from which the toll 
tacility will derive its patronage? 

2. What advantages does the toll facility offer in saving distance, 
time, in convenience or ease of driving, and in safety, to justify its 
use? 

3- How much of the traffic already in existence is likely to be 
diverted to the new facility at a reasonable toll? 
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4. What are the optimum toll rates for the use of the facility? 
In the case of a turnpike, or expressway, what are the optimum rates 
for the various sections between points of interchange? 

5: How rapidly is traffic likely to increase between the time of 
making the survey and the time of opening the facility to use? 

6. How much additional traffic over and above that already in 
existence will the new facility induce or create? 

4. What is likely to be rate of growth for a long period into the 
future, taking into consideration such competition of new facilities 
as may reasonably be anticipated? 

The last three items are important enough to warrant dealing 
separately with them. 


Existing Traffic 


Today most communities and most states have a great mass of data 
as to the total number of vehicles using the principal streets or high- 
ways, and in many instances the data are maintained to show for 
established recording stations the volume for each hour of the day, 
for each day of the week and each month of the year. For other sta- 
tions data are available classifying the traffic as to passenger auto- 
mobiles and the various classes of trucks. ‘The volume and classifica- 
tion of trucks are important because trucks pay relatively higher 
tolls for using the facility than do passenger automobiles. 

The problem is to determine how much of the traffic already 
moving would use the new facility either as a free facility or as a 
toll facility. The only way we know of reaching a judgment in this 
matter is to determine the origin and destination of enough vehicu- 
lar trips within the general area to develop a pattern of traffic flow. 
Once this is determined it is relatively simple to compute the num- 
ber of vehicles served as well or better by a new route. This volume 
is what we define as potential traffic. 

When the new facility is to be supported by tolls, the vehicles 
that will be attracted are those that will benefit commensurately 
with the tolls they will pay. The origin and destination survey, there- 
fore, must afford a good sample of the traffic flow. The survey must 
cover a sufficient number of days, and at a time when the sample is 














8 TRAFFIC QUARTERLY 


most likely to be representative. Survey stations must be established 
at appropriate points to intercept all vehicles that would be likely 
to use the new facility. Classification of the vehicles by type must be 
obtained as well as by origin and destination. Obtaining a proper 
sample is the most important aspect in the determination of avail- 
able traffic for any new facility. 

Controls available for relating the samples to the total traffic 
moving, consist of daily, weekly, monthly and annual traffic statistics 
compiled by the states or municipalities throughout the area 
in which the origin and destination survey is being conducted. The 
sample obtained from the origin and destination count is not blind- 
ly expanded to a week, month or year but is related thereto by com- 
parison with the volume figures indicated by continuous recording 
stations used as controls. 

When the pattern of traffic flow is determined it is possible to 
single out those movements for which the new facility will provide 
benefits. 

Making these surveys, classifying the information, and estimat- 
ing the vehicles which may be diverted involve a great deal of labor 
even when much of the information can be recorded on punch cards 
for automatic tabulation. 

In dealing with a free expressway it is a reasonable assumption 
that the total potential traffic will use the new facility. In fact the 
traffic on the new facility may exceed the total potential because in- 
creased convenience of travel may have a stimulating effect that can- 
not be appraised in advance. 

In the case of a toll facility the rates of diversion from existing 
routes of travel to the new facility are based on user-benefits derived 
in proportion to tolls paid. The rates of diversion from existing 
facilities are based generally on distance saved, on time saved or a 
combination of both with due consideration of comfort, conven- 
ience and safety. Saving in time, although not directly related to 
saving in money, appears to be a potent factor in attracting passen- 
ger traffic and as a matter of fact, the best index of convenience and 
ease of use. Saving in distance for trucks can be directly related to 
costs and is a potent factor in attracting truck traffic. Improved 
gradients and alignment are also of great importance. 
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These items measured against the tolls afford a basis for estimat- 
ing the percentage of potential vehicles that will be attracted to the 
new facility. In these estimates no high degree of exactness is pos- 
sible. It is necessary to rely largely on the past history of similar 


projects. In this process there is no substitute for experience and 
judgment. 


Toll Rate 


Toll rates are estimated on various bases. Where a toll bridge is to 
replace a ferry, as did the Philadelphia-Camden Bridge, the San 
Francisco-Oakland Bay Bridge, and in the crossings of the Hudson 
River, the rates charged by the ferries furnished a starting point. 
Where no facilities existed, toll rates have been based on judgment 
as to the value of the saving. This has been true of various turnpikes 
—the Pennsylvania Turnpike, the Maine and New Hampshire turn- 
pikes, and the New Jersey Turnpike. The Pennsylvania Turnpike, 
being the first of the kind, set a bogey of one cent a mile for passenger 
cars, but Maine started on a somewhat higher basis and now charges 
1.7 cents. On the New Jersey Turnpike the toll rates average 1.7 
cents a mile but vary from approximately 1.1 cents on the southerly 
end to about 3.6 cents on the northern end. Tolls for trucks vary 
with the size of the truck, the heaviest truck running from three to 
four times the unit toll of the passenger cars. 


Items Over and Above Potential Traffic 


Thus far an experienced engineer may confidently develop a sound 
estimate of traffic and revenue available as of the date of making the 
estimate. It then becomes necessary to project the available traffic 
and revenue as of that date, to the probable traffic and revenue from 
two to four or five years in the future when the new facility is ex- 
pected to be in operation. It is necessary also to add the amount of 
induced traffic or newly created traffic the facility is likely to attract. 
At this point it is necessary to call attention to the fact that growth of 
traffic during the period of construction, and induced traffic, to- 
gether constitute from one-third to one-half of the total estimated 
traffic to be carried by the new facility in the first year of its operation. 
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For instance, let’s take a sample case of a facility that will require 
two years to construct, and at the time of making the estimate has 
a potential traffic of 1,000,000 vehicles a year. Estimating the num- 
ber of vehicles to be carried during the first year of operation will 
therefore involve an estimate of the growth for a three-year period, 
two years for the construction period and one for the first year after 
the facility’s opening. If the traffic increase be taken at the rate of 
five percent a year, which is not unusual, the three years’ growth 
will amount to roughly 16 percent of the traffic available at the time 
of making the estimates, or 160,000 vehicles. This makes a total, 
before allowing for induced traffic, of 1,160,000. 

If the induced traffic be taken at the relatively modest figure of 
go percent of the diverted traffic, this will add a full 348,000 vehicles 
and make the total 1,508,000 or 50 percent more than the base 
figure. If the induced traffic, instead of being 30 percent, prove as 
high as 70 percent—quite usual in the case of bridge projects in 
populous areas—the total traffic would be 1,972,000, or almost 
double the base figure of 1,000,000. The striking importance of 
these two factors becomes apparent. 


Rate of Growth 


The rate of growth is usually established by comparison with cor- 
responding rates of highways and bridges related to the new facility 
or in the vicinity thereof; with growth in motor vehicle registration 
and in motor fuel consumption in the area served by the facility. In 
projecting growth into the future it is necessary to consider all local 
factors, including industrial and agricultural development, new 
housing projects, and even the status of the economic cycle. Some 
of the recently completed facilities are carrying traffic far in excess 
of that estimated because the rate of increase in traffic generally since 
1946 (the first year following removal of motor fuel restriction) has 
been far beyond anything that could have been projected con- 
servatively. Conservatism would never have predicted the rate of 
increase that has taken place between 1946 and 1951. 

Following are some examples of traffic increases during these five 
years: 
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Percent 
San Francisco-Oakland Bay Bridge 26 
Chain of Rocks, St. Louis, Mo. 64 
Vicksburg, Miss., Bridge 56 
Bankhead Tunnel, Mobile, Ala. 44 
Potomac River Bridge, near Dahlgren, Va. 162 
(George Washington Memorial) 
Delaware River Ferry, Pennsville to New Castle 77 
Susquehanna River Bridge, near Havre de Grace, Md. 97 
Pennsylvania Turnpike (1946-50 only)* 81 
Philadelphia-Camden Bridge 50 
Holland Tunnel, New York 28 
Lincoln Tunnel, New York 82 
George Washington Bridge, New York go 
Henry Hudson Bridge, New York 63 
Bronx-Whitestone Bridge, New York 130 
Triborough Bridge, New York 138 
Queens-Midtown Tunnel, New York 72 
Charter Oak Bridge, Hartford, Conn. 213 


* The eastern extension was completed in October 1950 and for that reason the figures for 
1951 are not comparable. 


These examples cover the United States from the Pacific Coast 
to New England, and from north to south. It will be observed that 
the lowest percentage increase in the period is for the San Francisco- 
Oakland Bay Bridge and the reason is due in part to the fact that 
the traffic during the war period was not depressed to the same ex- 
tent as traffic in other areas. The greatest rate of increase was on the 
Charter Oak Bridge, at Hartford, Connecticut, largely because of 
the great industrial development on the east side of the river. The 
next greatest was the Potomac River Bridge near Dahlgren, Virginia, 
caused by military developments near the site of the bridge. Other- 
wise, the highest rates of increase have been in the New York area, 
except for the Holland Tunnel which even in 1946 was close to its 
theoretical capacity. Incidentally, there is no diminution in the rate 
of growth of these facilities, the increase in 1951 over 1950 generally 
having been greater than the increase in 1950 over 1949. With this 
record in view, who is to say whether we are now at a point where 
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traffic will level off, or whether there still will be continuous growth. 

Between 1946 and 1950 the number of motor vehicles registered 
increased 43 percent. The consumption of motor vehicle fuel in- 
creased 3814 percent. 

In 1949 when we were estimating the traffic on the New Jersey 
Turnpike, we noted the great increase over the volume of 1947. 
There was a tendency on the part of investment bankers to assume 
that we were approaching a peak and that growth beyond 1949 
would be at a reduced rate. The reverse proved to be true. Motor 
vehicle registration, which had increased 8.6 percent in 1949 over 
1948, in 1950 increased 10.1 percent over 1949, and in 1951, 6.2 
percent over 1950. Motor fuel consumption, which in 1949 had in- 
creased 6.5, percent over 1948, increased 9.8 percent in 1950 over 
1949, and in 1951, 7.2 percent over 1950. 


Induced Traffic 


It is axiomatic that new transportation facilities create a large part 
of their traffic. A toll bridge or a toll highway is in no way different 
in this respect from other transportation facilities. There is no ques- 
tion about the fact of induced traffic; the problem in forecasting is 
to measure its volume. The usual method of estimating is to reason 
from analogies; that is, to study the history of other facilities as 
nearly as may be similar to the project under consideration. This 
method is the best available where sufficient information exists con- 
cerning the other facilities to identify the part of the total traffic that 
is induced. In cases where such information is lacking it is difficult, 
if not impossible, to isolate induced traffic from that accruing from 
other causes. In measuring induced traffic on toll highways, it is 
extremely difficult to differentiate between that newly created and 
that arising from diversions greater than had been estimated, in- 
cluding those from highways remote from the toll highway. 

Listed below are some examples of induced traffic on new facili- 
ties, based on a comparison of the first year’s traffic carried by the 
new facilities with projections of traffic that would have been carried 
by the previously existing facilities had they continued in operation 
without the competition of the new facility: 
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Percent 
San Francisco-Oakland Bay Bridge 64 
Golden Gate Bridge 78 
Tacoma Narrows Bridge, Washington 81 
Philadelphia-Camden Bridge 74 
Holland Tunnel 88 
George Washington Bridge 65 
Brooklyn-Battery Tunnel 75+ 
Delaware River Memorial Bridge, Newcastle (10 months only) 63 
Chesapeake Bay Bridge (one month only) 100 + 


The induced traffic on the Maine Turnpike appears to have been 
about 20 percent of the traffic diverted. It is impossible to segregate 
induced traffic from other traffic on the Pennsylvania Turnpike. On 
the New Jersey Turnpike it appears to be about 60 percent al- 
though at this stage it is too early to reach a conclusion. In the latter 
case the new facility caused many motorists to ride on Saturdays and 
Sundays who apparently had been discouraged from doing so by the 
previous congestion. The result was to change entirely the daily 
pattern of driving on the Turnpike from that on the parallel and 
competing routes. 


Future Projection 


After we have reached an estimate of the number of vehicles and the 
toll revenues available during the first year of operation it is neces- 
sary to project these for some years into the future. We have been 
going through an era of tremendous growth since 1946, but it is 
impossible to know whether we have passed above a normal rate or 
whether we can look forward to continuance of the same rate or one 
somewhat lower. If we use the annual gasoline consumption curve as 
a guide, indications are that an average increase of something like 
4 percent a year may be expected for some years to come. There will 
be ups and downs, but past history indicates that over the life of a 
bond issue of twenty to forty years, the years below will be balanced 
by years above normal. The important thing is to have a sufficient 
reserve to cover periods of subnormal earnings. 

The practicability of making sound forecasts can be seen in the 
records of one firm which over a period of twenty-five years has 
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prepared estimates for seventy-four toll facilities now in operation 
financed by public revenue bonds. Of these, seventy-one are bridges 
and three are turnpikes. Of the seventy-one bridges, twenty-four, or 
one-third, have paid off their debts and have become free; the others 
are all well ahead of the projections. Those that have paid off their 
debt through tolls have done so in eight to nineteen years; the 
median is about fourteen years. 

In order to meet the situation that would occur if a facility were 
brought into operation during a depressed period, or if a subsequent 
depression should occur, it is important that a reserve be established 
and maintained as long as any bonds are outstanding to make up any 
deficiency in earnings from toll revenues needed to meet operating 
and maintenance expenses and debt service. The appropriate 
amount of such reserve depends on each specific situation. 


Effect of Business Depressions on Traffic 


A natural question in any toll revenue bond financing is: “How 
will hard times affect toll collections?’ Unfortunately, few projects 
of this nature were in operation throughout the depression of the 
thirties. 

The Philadelphia-Camden Bridge and the Holland Tunnel 
commenced operation in 1927 and 1928 respectively. The Philadel- 
phia-Camden Bridge enjoyed annual rates of increase in 1928 and 
1929 of 13.2 percent and 19.4 percent respectively. The depression 
was first reflected in 1930 in a reduction in the rate of annual in- 
crease to 5.8 percent. In 1931 the traffic still continued to increase 
but at a rate of only 0.2 percent. 

In 1932 and 19338 the traffic decreased at rates of 12.2 percent 
and 8.5 percent respectively. The upturn began in 1934 and was 
at a relatively low rate until 1937. At the lowest point, in 1933, the 
number of vehicles carried was 15.1 percent less than in 1929, and 
it was 1937 before the number of vehicles exceeded those carried 
in either 1929 or 1930. Therefore the effect of the depression was 
apparent over a period of six to eight years. 

The Holland Tunnel enjoyed rates of annual increase of 25.5, 
9.9, and 5.7 percent in the years 1929, 1930 and 1931. The retrogres- 
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sion began in 1932 and persisted for three years through 1934. At 
the lowest level, in 1934, the number of vehicles was 10.6 percent 
less than the number carried in 1930 and it was not until sometime 
during 1937 that the number of vehicles exceeded those carried in 
1930. The effect of the depression was here apparent for six and a 
half years. 

It is interesting to observe the trends of motor vehicle registra- 
tion and motor vehicle fuel sales during this same period. The num- 
ber of motor vehicles registered in 1929 and 1930 was practically 
the same. Registrations had been increasing for the five preceding 
years at from 5 to 10 percent a year. In 1933, the year of fewest 
registrations for the period, the number of cars registered was 10 
percent less than in 1929-30, and by 1935 the registrations were 
almost back to the ’29—’go level. Thus the effect of the depression 
persisted over a period of six years. 

Consumption of motor vehicle fuel was rising during 1925-29 
at g to 15 percent a year and continued to rise, although at a reduced 
rate, through 1931. At the lowest level, in 1933, consumption was 
about the same as in 1929 but 7.6 percent less than in 1931. By 1934 
it was again equal to 1931. In this case the effect of the depression 
was limited to two years. 

Contrast the above figures with a drop in industrial production 
of 47.4 percent in 1933 as compared with 1929, or 36.2 percent as 
compared with 1930, and a duration of seven to eight years, 1929 to 
1937- 

In these two cases the drop in traffic, while its effects persisted 
generally throughout the depression, was far less severe than the 
drop in industrial production. 


Effect of Gasoline Rationing, 1942-1945 


Another question frequently asked is: ‘““What would be the effect of 
another period of gasoline rationing?’ In answering this question, 
it is essential to consider local conditions. For instance, traffic on the 
Potomac River Bridge, near Dahlgen, Virginia (location of a Naval 
Base), because of local conditions continued an extraordinarily 
rapid growth right through the war period. In this case the removal 
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of restrictions was evidenced by an increase in 1946 over 1945, of 
67 percent. Charter Oak Bridge across the Connecticut River at 
Hartford commenced operation in 1943 and increased substantially 
in 1944 and 1945, but in 1946 and 1947 its annual increases were 
54-9 and 49.4 percent respectively. The Lake Washington Bridge 
in Seattle, Washington, increased almost 37 percent in 1945 over 
1941 but increased in 1946 by 42 percent over 1945. 

These were all special situations in which war activity stimulated 
normal traffic and yet when the restrictions were removed the effect 
was pronounced. 

Other facilities which experienced a limited decline because of 
local conditions were: San Francisco-Oakland Bay Bridge and Lin- 
coln Tunnel. In the case of the former the low level was reached in 
1944 and was 11 percent below 1941. The 1941 level was, however, 
exceeded in 1945 while gasoline restriction was still in force. The 
rate of annual increase in 1945 was 19 percent, followed by 21 per- 
cent in 1946. 

In the case of Lincoln Tunnel, the effect lasted only one year. 
The traffic in 1942 was 9.5 percent less than in 1941 and that of 
1943 was equal to 1941. The increase in 1946 over 1945 was 47.6 per- 
cent. 

Ina series of other facilities less affected by special circumstances 
the effects were as shown below: 


Year of Percent 
Year of Percent Recovery Increase 
Lowest Below to 1941 1946 over 
Level 1941 Level 1945 
Philadelphia-Camden Bridge 1943 40 1946 33-6 
Susquehanna River Bridge 
(near Havre de Grace) 1943 43 1947-48 42.8 
Hudson River Crossings, N. Y. 
Holland Tunnel 1943 31.8 1946 23.8 
George Washington Bridge 1943 40 1945 48.4 
East River Crossings, N. Y. 
Bronx-Whitestone Bridge 1943 54 1945-46 65.8 
Triborough Bridge 1943 54-5 1945-46 61.7 
Queens-Midtown Tunnel 1943 46.5 1945 51.9 


Henry Hudson Bridge, N. Y. 1943 70 1947 65.5 
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Many other examples might have been cited but those men- 
tioned emphasize the necessity of considering local conditions. But 
even at the worst, recoveries have been rapid, and incidentally, have 
been sustained although not of course at such extreme rates. 


General Considerations 


Practically all issues of toll revenue bonds today have been secured 
solely by the tolls or other revenue derived from the operation of 
the facility. ‘The New Hampshire Turnpike, however, was financed 
through the pledge of the credit of the State of New Hampshire, re- 
sulting in a low rate of interest for a construction bond, 1.6 percent. 
In 1951 the State of New York did temporary financing for the 
construction of the New York Thruway by borrowing short term 
money at 1.1 percent because the credit of the State by constitu- 
tional amendment has been pledged. 

The State of Colorado financed the construction of the Denver- 
Boulder Turnpike by the issue of bonds secured not only by the 
toll revenues earned on this turnpike but by the pledge of a limited 
amount of the motor vehicle users’ taxes. This resulted in interest 
rates of 27%, 3 and 2.9 percent, depending on the maturities. Con- 
sidering the great need for improved highways and the difficulty of 
forecasting in advance of construction sufficient revenues to finance 
many such highways by revenue bonds, it would seem desirable for 
many states to consider more seriously than heretofore the matter 
of pledging the state’s credit to supplement toll revenues. Financing 
by the sale of revenue bonds requires that estimated earnings ex- 
ceed the interest requirements by a fair margin usually in excess of 
one-third even for the first year’s operation. That margin would 
not be needed if the state were to guarantee the bonds. 

History has shown that even where revenues may barely cover, 
or even fail to cover, debt service requirements in the first few years 
of operation, the natural growth in traffic will eventually enable the 
facility to pay off its debt. 

















Does British No-Claims Discount 
Prevent Accidents? 


ALAN CHALKLEY 


Mr. Chalkley is secretary of the Economic Research Council in 
London, and assistant Editor of Economic Digest. The Council is 
at present engaged on behalf of the Trustees of the Children’s 
Safety Crusade in an intensive study of road accidents to children 
in Britain. Professor Harry Jones is directing the study, results of 
which will be published early in 1953. 


MINIMUM of insurance is compulsory for all motorists in 

Britain. The Road Traffic Act of 1930, with the more con- 
troversial 1933 Road and Rail Traffic Act, forms the present basis 
of governmental control of road-users. The Act states in Section 35 
that it is an offense for any person to use any motor vehicle on a 
road unless there is in force a policy of insurance or a security in 
respect of “Third-Party Risk’”’—death or bodily injury to any person 
caused by use of the vehicle. 

This enforcement of certain minimum coverage for the more 
expensive claims against motorists was part of a movement whose 
advocates thought that where a person subjected the public to risks, 
the machinery of insurance must be used. Similar legislation forces 
builders to take out public liability policies. 

It is therefore strictly legal to use a motor on the road with this 
minimum coverage, but even the cheapest policy will also include 
fire, burglary and third-party property cover. A certificate that a 
policy is current has to be shown to the authorities when applying 
(at least every year) for a road license. 

But the subject of this article is a clause that adorns every policy 
of motor insurance in Britain. Considering that it grew up when 
insurance customers were hard to find, it might be supposed that 
the 1930 Road Traffic Act would obviate this “No-Claims Discount” 
clause. It usually reads: 

“In the event of no claim being made or arising under this Policy 
during the period of insurance specified below, immediately pre- 
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ceding the renewal of this Policy the renewal premium shall be 
reduced as follows:— —” 

There then follow the percentages by which the basic first-year 
premium will be reduced for successive years of claim-free driving. 

Originally, this system was called a no-claims bonus system, be- 
cause the companies actually charged the full premium, and re- 
turned a cash bonus on confirming that no claim had in fact been 
received during the previous year. But in order to reduce office 
costs, the practice grew up of confirming the lack of claims first, 
then billing the customer for the net amount; it is therefore properly 
called a no-claims discount now. 


Competition Among Companies 


From the earliest days of motoring, competition between the in- 
surance companies offering motor policies was very keen. Separate 
policies for each kind and make of motor were drawn up; rate-cut- 
ting and secret discounts were resorted to at the slightest opportun- 
ity. The no-claims discount was a very early incentive. Another 
similar incentive was to offer the motorist a substantial discount on 
the full premium if he expressed himself as willing to bear the first 
certain amount of any claim; this discount is still offered by many 
companies. 

At first sight, the intention of these two discounts is to reduce 
the office cost of trivial claims, and to avoid high litigation costs for 
small sums. Another way of avoiding litigation costs is the ““knock- 
for-knock agreement” between companies, which will be discussed 
later. 

Competition was so strong as early as 1906, that in that year a 
number of companies formed themselves into the Accident Offices 
Association, which drew up standard policies and premium tariffs. 
At the present time these companies, known affectionately or other- 
wise as the Tariff Companies, number eighty or ninety, mergers 
over the years having reduced the number but not the strength. 

The Tariff Companies’ standard policy grants the following no- 
claims discounts: 

After the first claim-free year, 10 percent off the full premium; 
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After the second consecutive claim-free year, 15 percent off the 
full premium; 

After the third and subsequent successive claim-free year, 20 
percent off the full premium. 

In other words, a “clean-sheet” driver will pay the following 
premiums: £100, £90, £85, £80, and £80 thereafter on a basic 
£100 premium until a claim is made, whence the premium rises 
back to £100 again, and the discounts have to be “worked for” all 
over again. 

There are a large number of companies outside the Association, 
however, and their discounts vary. Many non-Tariff companies offer 
a fourth-consecutive-year discount of 25 percent, continued there- 
after, and some go so far as 33% percent. 


Effect of the Discount System 


Now there can be no doubt as to the effect of this discount. It is 
mentioned by too many motorists, usually in the form of “protecting 
my no-claims bonus” (the old term dies hard), or “Damn - - there 
goes my no-claims bonus” after an accident. It is at the back of every 
motorist’s mind the whole time. So although the compulsory in- 
surance legislation of 1930 might have given the insurance com- 
panies an excuse to get rid of a system that grew up in conditions 
of competition, it is realized that its abolition would be resisted 
strongly. The system has wound itself too tightly into the complexus 
of motor insurance. 

And do the companies want to get rid of it? To read the latest 
writers on the subject, the layman would conclude “yes.” I should 
like to give their darker picture first—but with the warning that 
other considerations are obviously making the companies chary of 
abolition (competition still exists in the market). 


Criticism: No Prevention 


The Journal of the Chartered Insurance Institute for 1948 contains 
an article by N. G. Harris, A. C. I. I., in which he says: 
“A discount cannot prevent accidents; it cannot even reduce 
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their number. If it could, the various bodies concerned with road 
safety measures are most remiss in failing to make use of it.”’ 

This is a non sequitur. But Mr. Harris is on firmer ground later: 

“The discount is not remembered until after the accident, and 
then, because of it, he may decide not to report the accident. If he 
does, he usually makes it clear that he was not in any way to blame 
.... as though it were a “‘no-blame” discount.” 

There are three criticisms here, and I take them one by one. 
The motorist may not remember the discount until after the acci- 
dent. But the assumption is at least doubtful, and considering the 
number of times it is mentioned in conversation not after accidents, 
I should say that it is untrue. I think it is “worked for’ in advance, 
and will make further points about this in my conclusion. 

The second criticism is that the discount does not reduce acci- 
dents, it merely reduces claims and reports. The latter statement 
(without the word “‘merely’’) is perhaps true, since there is obviously 
an “economic point” at which it becomes not worth the motorist’s 
while to report, or at least to claim. This point can be calculated by 
adding the discounted value of future premiums, projected forward 
over the years until a “probable point of next claim.” 

That the discount may be an incentive not to report the accident 
is a most valid criticism. In not reporting the accident, the insured 
person is contravening a clause of the policy; but this legal compul- 
sion apart, he is withholding information from interested parties 
like the police. Should any other party to the accident report it to 
another company, the information reaches all companies by devious 
routes, and the company of the non-reporting party may well feel 
aggrieved, particularly when vital information is best presented in 
a fresh condition at court, should the matter get that far. 

There may therefore be allowed the fact that the discount will 
in certain circumstances damage the relationship between insurer 
and insured which is labelled with the tag “‘of the utmost good 
faith.” 


Criticism: No-Claim or No-Blame? 


The third criticism is founded on fact. Motorists do tend to re- 
gard the discount as a reward for incurring no blame, whereas the 
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wording of the policy (and the value of the discount to the com- 
panies) limits its operation to “‘no claim being made.” 

A claim can often be made without any blame attaching to the 
insured person. This occurs particularly when a “knock-for-knock 
agreement” is in force. This is an agreement between two or more 
companies that, whenever two cars are involved in an accident, and 
two companies signatories to the agreement have insured them, each 
company bears the cost of repairing the car it has insured. The 
operation of this agreement may mean a claim in the following 
circumstances: 

Smith leaves his car parked properly against the curb; Jones in 
his car collides with it and does damage to both cars. An investiga- 
tion of the accident absolves Smith totally. Yet he receives his next 
year’s insurance bill without the discount, and is naturally ag- 
grieved. He then discovers the “knock-for-knock agreement” and 
is even more aggrieved. 

The high “loadings” put upon certain classes of drivers (actors, 
commercial travellers and air-pilots are examples) may make the 
loss sustained by the blameless party considerable, and there is no 
doubt that this is a cause of friction between the companies and their 
clients. So is the case of a motorist not reporting an accident under 
the misapprehension that a report must be translated into a claim. 


Criticism: Why Only Motor Insurance? 


More than one writer on insurance has made the point that since 
the basic principle of insurance is the formation of a fund created 
by the many for the benefit of the unfortunate few, the giving of a 
reward to the fortunate majority is unsound.’ In a standard work on 
Motor Insurance by Batten and Dinsdale, the question is asked: 
When the no-claims discount is not the practice in other kinds of 
insurance, why should it apply to motor risks? 

The suggestion has been made that the “unfortunate few” 
should be subjected to a penalty, in other words “load” the premium 
after an accident instead of “lightening” it before one. The answer 


1N. G. Harris: loc. cit. 
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to this suggestion would surely be that the discount is a carrot, the 
penalty a stick, and carrots are usually more efficient than sticks. 

The fact that fire and burglary policies do not include a “no- 
claims discount” clause is perhaps a matter of history; the companies 
dealing in these kinds of insurance have adopted another way of 
preventing claims by periodical inspection of the insured premises. 
This, as a matter of fact, might well be considered in the case of 
cars, but only insofar as mechanical condition of the car is con- 
cerned. Could we go further, and suggest a medical inspection for 
the users? Finally, however, there could be no objection to a com- 
pany, “gunning for business,” which inserted a no-claims discount 
into a fire policy (a number already include a discount for bearing 
the first certain amount of claim). 


Criticism: Motorist Must Take Care Anyway 


The more legalistically-minded of the insurance writers have raised 
the point that the no-claims discount does not affect the implied or 
explicit warranty on the part of any person who enters into a con- 
tract of insurance that he will take all reasonable care to see that the 
accident does not happen. The no-claims discount therefore has no 
legal standing whatever. 

But this is a purely legal point. The discounts are a realization 
by the companies that they have to deal with human beings, over 
whose backs many legal conceptions run like water. The law is an 
attempted reflection of society, but there are certain facets of it that 
escape the law-givers. If the no-claims discount were really contrary 
to the intention of the law, then the “‘legalists” would have a case; 
in fact, the discount reinforces that intention. 

Most of the criticisms that are heard from the side of the in- 
surance companies deal only with the possible frictions that may 
arise between the insurer and the insured, who has strong incentives 
to fight for his discount tooth and nail. Just how important are these 
criticisms, and do they outweigh the possible advantages? I have 
spoken to several officials in the offices of the companies concerned, 
and their “‘off-the-record” remarks lead me to believe that:— 
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(1) The cases of friction are marginal, and are relatively few. 
For every argument that arises over the operation of the discount 
clause, there are hosts of motorists who never make a claim, never 
even have an accident that is from any point of view worth report- 
ing, and so never get on to the “complaints file” of the companies. 

(2) Wherever possible, the company allows the discount, par- 
ticularly when the insured person is blameless. A point to be re- 
membered here is that when a motorist wishes to change his insur- 
ance company, the new company always seeks to give him credit for 
any no-claims discounts which he would have been granted had he 
not changed. The practice of the companies does not square with 
the criticisms of the writers. 


Defense: A Continuing Reward 


On the grounds of a priori reasoning, the no-claims discount is a 
good thing. It is an incentive, often of great monetary value, to take 
care on the roads. 

Furthermore, it is a continuing one. Having reached the third 
or fourth year of claim-free driving, the insured person is prompted 
to take all reasonable steps to assure the continuance of the maxi- 
mum discount. For should he have an accident which results in a 
claim, he is suddenly penalized quite heavily, and every insurance 
bill he receives for the next few years reminds him of the fact. So 
a reversal of the order of things—a slight reduction of premiums all 
round, and a “loading” after an accident—has no particular value. 

It is the practice of some large haulage-companies to pass on at 
least part of the discount received to the drivers of the claim-free 
vehicles. These companies take out blanket policies for their whole 
fleet, but the policies always contain a clause to the effect that ‘“‘when 
more than one vehicle is described in the schedule, the discount shall 
be applied as if a separate policy had been issued for each vehicle.” 
The claim-free driver can therefore be rewarded with perfect dis- 
crimination. 

There can be no doubt that this is a real and continuing incen- 
tive; the driver himself does not pay the insurance premium, but 
he receives a bonus for taking care. That the insurance company is 
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the incidental agency which allows the community at large to grant 
him a reward is a case of Adam Smith’s “hidden hand”’ at work, if 
there ever was one. 


Defense: All Right—No Blame 


The criticism that the motorist regards the discount as a reward for 
“no-blame,” and the companies, sticking to the letter of their poli- 
cies, regard it as a reward for “no-claim,” would be valid if the ten- 
sions that arose were such as to make it impossible for certain motor- 
ists to get any insurance cover at all after a set-to of this kind. But 
this does not happen. 

Certainly a company may refuse coverage to a motorist whose 
driving record is bad. But I know of no case where a motorist has 
been refused because he has misguidedly pressed a claim for a dis- 
count. Again, the practice of the companies is to avoid frictions at 
all costs; I found among officials a tendency to regard the ‘“‘no-blame”’ 
idea with sympathy. And from the point of view of the community 
at large, to regard the discount as a reward for no blame, so that 
motorists shape their road-using accordingly, is all to the good. In a 
free society, we may leave the companies and their clients to rub 
along together quite well. 

As one insurance official said to me recently: “We think the dis- 
count helps. We cannot produce facts and figures to prove that acci- 
dents are prevented; but our experience all tends that way.” Even 
the critical writer in the Journal of the Insurance Institute has to 
confess at length that “the discount is apparently here to stay.” 

Perhaps the gap in motor insurance lies in the fact that the com- 
panies do not take sufficient interest in the physical condition of 
either the vehicle or the driver. They leave that to the police and 
to the statements which every driver makes on applying for his 
yearly driving license. Discussion of this point would take me be- 
yond the bounds of this article, however. 

As things stand, the discount is not likely to be abolished. Rates 
as a whole may rise (in fact, must rise), but the incentive, the pro- 
gressive, continuing incentive which the no-claims discount system 
affords, will remain. 














A Comment on the ‘No-Claim Bonus’ 
CHARLES TOOGOOD F.C.L.I. 


Here, Mr. Toogood, a fellow of the Chartered Insurance Institute 
of Great Britain, comments on the subject of Mr. Chalkley’s article. 


HE main advantages of the no-claim bonus system are greater 

than might at first be thought. The obvious advantage is the 
elimination of small claims for minor damage to the insured vehicle. 
Apart from the saving in claims cost, a vast amount of administrative 
work is avoided. 

Most owners are induced to take the little extra care that can 
mean so much; keen to preserve the no-claim bonus, they try hard 
to keep an unblemished record; knowing that the cost of minor 
damage would be borne by themselves a community of interest is 
vested. 

A less obvious advantage consists of the ready acceptance of a 
restriction of cover that otherwise would be resisted, The re- 
striction of cover referred to is the exclusion of the first £5, £10, 
£20 of accidental damage claims for which varying reductions in 
premiums are given. The owner, having no intention of claiming 
for minor damage, considers the “excess” restriction with its saving 
of premium a good thing. From the underwriting point of view, it is 
always sound practice to induce a person to bear a part of the risk. 

Those responsible for the solution and rating of motor risks are 
able to recognize quickly the merits of many of the insurances offered 
simply by calling for the renewal notice of the previous office on the 
risk or for such documents as will show the extent to which an owner 
has gained no claim bonuses. 

The previous insurance history is of course an important point to 
consider in any risk but it is by no means easy to establish the rele- 
vant information in the absence of a bonus system providing as it 
does such significant evidence. Only those concerned with large 
numbers of motor insurance applications can understand fully the 
extent of this advantage. 
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Reasons for Popularity 


Although the bonus is of some concern from the purely financial 
point of view to the large body of motorists of moderate means, 
probably the greater source of satisfaction that is derived from the 
bonus reward is the implied tribute to driving ability and to the 
exercise of care. 

The commercial vehicle owner will regard the bonus as a tribute 
to his good management and his selection of good drivers. These 
policy owners with good records take very unkindly to the increases 
in rates that have had to be imposed following the increased cost of 
repairs and third party injury claims consequent upon the reduced 
value of money following the war. It is natural that accident-free 
owners should protest for they take the superficial view that they 
must pay for those less careful than themselves. 

The protest is however modified when it is pointed out that the 
no-claims bonus is estimated on the increased premium and that 
therefore there is discrimination in their favour to the extent of an 
appreciable premium reduction. There is no doubt the no-claims 
bonus has helped the offices considerably in carrying through rate 
revisions without loss of goodwill. 


Abandonment Unlikely 


That the no-claim bonus in motor insurance is widely approved by 
motor vehicle owners would not of itself cause insurance offices to 
continue what is now a long established practice if in so doing they 
were offending sound basic principles. Whilst the public does not 
always know what is best when exercising its judgment in insurance 
matters yet their strong liking for the tangible reward for no-claims 
in motor insurance is a force to be reckoned with. 














This Business of Highways 


Mr. Glaze, with the Washington State Department of Highways 
for the last seven years, has been Planning Engineer since 1948 
when the Planning Division was established. Upon completion of 
his engineering studies at Washington State College he became an 
engineer with the Puget Sound Power and Light Company in 
1926. Since then he has held positions with city, state, and Federal 
governments. He is chairman of the Factual Surveys Committee 
of the Western Association of State Highway Officials and tech- 
nical adviser to the Legislative Interim Committee on Highways, 
Streets and Bridges. He has been a Professional Engineer regis- 
tered in Civil Engineering since 1936. 


IGHWAYS are a business—a big business. This business sells 

the miles factor in vehicle miles. The consumer is the motor- 

vehicle operator. ‘The miles he buys are a bargain: in most areas they 
cost more to produce than the driver pays for them. 

Obviously this is a better bargain near our larger population 
centers. ‘The demand for vehicle miles far exceeds the supply, be- 
cause highway construction has not kept pace. Pressure for more 
miles has been growing constantly with the sudden increase in all 
of the factors involved in producing these miles for the consumer. 

Like the cost of all goods, the cost of miles increased steadily 
after World War II, but unlike the cost of most other goods, the de- 
mand did not decrease with the increase in cost. 

Those in highway circles believe that the nominal increase in 
motor vehicle taxes since World War II was thoroughly justified, 
just as the stock raiser and butcher believe the increased cost of 
meat was justified. The demand for gasoline to propel vehicles does 
not lessen with increased cost, though this continued demand does 
not keep the consumer from complaining about higher prices. He 
may protest to the car dealer or service station operator but he keeps 
demanding more highway facilities and is willing to pay additional 
fees for toll roads and bond issues. 

The State of Washington, for instance, departed from its tradi- 
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tional “‘pay as you go” policy in 1951 by authorizing a supplemental 
financing by bonds. This was adopted only after it was shown that 
the increased revenue generated in the period between the time of 
normal improvement and the time of accelerated improvement 
would more than offset the interest on these bonds. Thus it was good 
business, for it not only showed a saving for the motor vehicle opera- 
tor, but also returned more revenue to the motor vehicle fund, 
which in turn would bring more improved highway facilities and 
more generated traffic. 


Good Business 


Wisely enough, the projects to be financed by these bonds were for 
specific projects located to produce the largest return on the invest- 
ment. That is, the new facilities would serve the largest potential 
market where they would generate the most traffic and increase 
the revenue. It is fitting that the product should appeal to the great- 
est market; that the highway should be so situated that it generate 
the most traffic. It is, therefore, good business. While good business 
reflects monetary returns, the factor of return on investment was 
not the only consideration. Numerous analyses of specific projects 
showed the usual economic savings in time, distance, and lives. 

The accelerated program of construction is receiving extremely 
favorable acceptance. It naturally follows that individuals, groups, 
and organizations exert pressure for additional facilities and the im- 
provement of existing ones. 

Ata recent series of statewide hearings by the Joint Fact-Finding 
Committee on Highways, Streets and Bridges for the 1951 Legisla- 
ture, requests or demands were made for more than $350,000,000 
worth of construction or reconstruction. All of these projects seem 
well justified, and by far the majority probably should be built for 
the economic well-being of this state. ‘These requested projects con- 
sisted mainly of roads necessary for the development of the state, 
but were principally of extremely low volumes; volumes that would 
not begin to pay the interest on their investment let alone pay off the 
principal. In time they will be constructed, because the history of 
their need parallels that of existing highways and differs only in the 
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time element. In fact, some of our present highways were built when 
there was much less need. 

Revenue return from an adequate highway system for such a 
state as ours should make possible the construction of resource roads 
and traffic generators in order to fulfill the demand for highway serv- 
ice. However, each project must be analyzed in an effort to deter- 
mine the time of construction through its ability to produce revenue 
sufficient to amortize its cost. Obviously the lower volume roads, 
though not considered in the near future, must be measured in the 
interest of intelligent planning and because of the demands or claims 
of the proponents that they be shown their proper place in the 
program. 


Feeder Roads Increase Traffic 


At one time our system of highways was entirely adequate—capable 
of handling all traffic. Then a change in legislation allotted more 
highway-user revenue to our traffic generators—county roads and 
city streets. After a few years these generators were producing more 
traffic than our state highways could adequately handle. This threw 
our road network off balance in our more populous area and the re- 
sulting congestion created our largest problems today. 

To solve these problems with a factual approach required an 
examination of each project. In order to simplify the analyses for 
the construction or reconstruction of specific projects on a broad 
basis, it was necessary to determine the revenue generated for each 
mile of service sold. Total motor-vehicle-user revenue less cost of 
collection was determined. Federal excise taxes were included as 
they are actually a user fee in proportion to the miles driven. This 
total amount was divided by the estimated total vehicle miles oper- 
ated in the state, and the result of 6.43 mills a vehicle-mile obtained. 
This then, is the tax for driving the average vehicle, the average 
mile. Naturally, it includes no factor for highways carrying a larger 
percentage of commercial vehicles, but is a composite of all vehicles 
and miles. When properly related to traffic volumes, this will then 
show the total revenue generated per miles per year. 

Since the Department of Highways does not receive all of the 
highway-user fees, nor can it apply all of its revenue on rural state 
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highways, actual money for construction is considerably less. 
Counties and cities receive a share of the gas tax and the state has 
the responsibility for constructing and maintaining routes of state 
highways through the cities. 

To arrive at the money available for construction of rural state 
highways, the costs of maintenance, administration, and operation 
must also be deducted. In the State of Washington after all deduc- 
tions are made less than 50 percent of the money accruing to 
the Motor Vehicle Fund is available. The accompanying charts 
graphically represent this revenue generation for varying periods 
by traffic volumes, depending upon the usable life of the proposed 
project. We shall assume a life of fifteen years for purposes of demon- 
strating the use of the chart. By varying traffic volumes on a per-mile 
basis, the total annual revenue per mile generated on rural state 
highways was plotted against the average daily traffic in order that 
this revenue could be determined by traffic volumes. 

It shows that an average daily traffic of 10,000 vehicles would 
generate a total of $25,000 per mile per year—reading the latter 
figure at the bottom of the chart. This shows the total fees paid, or 
the tolls, for the average use of our highways. However, since less 
than half of these fees are available for rural state highway construc- 
tion, the line titled ““Total Annual Revenue Per Mile Available for 
Construction on Rural State Highways” was plotted. 

This line shows that slightly less than $12,500 is available per 
mile per year for such construction. It is admitted that these com- 
posite figures and revenue assignment are open to attack because 
of the individual variations in highways, commercial vehicle per- 
centages and types of fees constituting the Motor Vehicle Fund. 
Yet, on a statewide basis, it puts all roads and highways on the same 
plane for comparative analysis and can be used as one tool similar to 
our Sufficiency Rating Studies. 


Returnable as Highway Services 


The revenue per mile per year is the amount that should be re- 
turned to the investor; namely, the motor vehicle operator, in the 
way of highway services for which he pays. It was a simple matter 
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then to plot from amortization tables the two lines shown as per- 
missible investment at no interest, and permissible investment at 
2 percent interest to read at the right hand side of the charts. The 
2 percent closely approximates the interest on recent bond issues. 

The first instance of total revenue generated per mile on rural 
state highways of $25,000 per mile per year on a pay-as-you-go 
policy with no interest, would permit an investment of approxi- 
mately $375,000 per mile per year, but since all of the revenue is not 
available for the construction of rural state highways, and it has 
been shown that 10,000 vehicles per day generate slightly less than 
$12,500 per year per mile, the permissible investment at no interest 
would be slightly less than $200,000 a mile. If, however, the project 
is considered to be financed through a bond issue at 2 percent, the 
permissible investment per mile would be approximately $160,000. 

All of the previous assumptions are based on an average daily 
traffic of 10,000 vehicles with no future traffic increases considered. 
Then it is necessary to predict future traffic in order that the revenue 
from increased traffic be considered for its proper contribution. 

Engineering prediction, inherently conservative, for revenue 
purposes must be at a minimum to insure financial solvency of the 
proposed project. Conversely, a design prediction to be conservative 
must be at a maximum to insure traffic adequacy. 

An analysis of the permanent traffic recorders in this state since 
the close of World War II indicated that traffic increases were on a 
compound basis, and that they averaged somewhat over 5 percent 
annually. It is obvious that present trends of population and vehicle 
registration cannot continue in this state. 

The chart portraying these trends indicates that we will have as 
many vehicles as persons in the year 2033. This is highly improb- 
able if not impossible. A reasonable absolute saturation point ap- 
pears to be 1.75, persons per vehicle if the family unit continues at 
approximately 3.5 persons. This chart indicates then that the satu- 
ration of persons to vehicles would be reached by 1965. 

We, therefore, believe that it will start to level off in the near 
future, and tend slowly to approach the saturation line. It was then 
established that 214 percent compounded annually would be a con- 
servative estimate for traffic increases for revenue purposes. We 
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therefore plotted these compound interest curves, paralleling the 
same traffic volumes to determine the mean traffic volume or the 
average number of vehicles per day that would pay for a specific 
project. Referring to the fifteen-year chart then, it can be shown that 
an average daily traffic of 10,000 vehicles in fifteen years com- 
pounded annually at 24% percent would become almost 14,500 
vehicles, or a mean traffic volume of 12,250 vehicles actually will be 
the volume amortizing a specific project. Realize too that this is a 
mean volume and not a mean in time, a mean volume occurring over 
thirteen years from the point of origin and not twelve and one half 
years. Naturally this variance is more noticeable in the twenty-five 
year chart than in the fifteen-year chart. 

To carry the business of forecasting further, it is known that 
certain highway facilities such as expressways, freeways, and through- 
ways generate additional traffic amounting to substantial volumes 
and must, therefore, be considered in predicting revenue. Numerous 
investigations are under way to determine amounts of generated, 
attracted, and induced traffic. A new highway may be designed to 
carry traffic volumes determined from traffic surveys, but historically 
it has been shown that actual volumes far exceed those anticipated. 
Origin and destination surveys show actual travel on existing routes; 
they do not, however, indicate the desire to travel unless the existing 
route is fully adequate. Further, if the existing route were fully ade- 
quate so that each desire to travel could be fulfilled there would be 
no need for investigating or even proposing an additional facility. 
It appears, therefore, that generated, attracted, and induced traffic 
must be related to the sufficiency of the existing route. 

Studies are under way to relate sufficiency to the inhibited or 
marginal driver who will not at all times freely make use of an exist- 
ing facility due to its characteristics, be they physical or mental. 
Historically it has been shown that the opening of a new, adequate 
facility reaches its designed capacity in far less time than was antici- 
pated in its design and construction. In one way this is good for it 
amortizes its cost much more rapidly, and if supplemental financing 
is used, reduces the interest cost that in turn gives the highway in- 
vestor or operator more for his money. This is reflected in increased 
facilities for his further benefit. 
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To refer again to the charts: if the facility under consideration 
in being analyzed will be of such a nature that it will generate ad- 
ditional traffic upon its completion similar to the history of other 
completed projects, we must, therefore, consider such generated 
traffic as adding to the revenue producing ability of the facility. This 
can be done on the charts. 

Let us refer to the twenty-five-year chart and the same 10,000 
average daily traffic. It is proposed to modernize a section of highway 
now Carrying 10,000 vehicles a day. It shows, then, that the mean traf- 
fic volume will approximate 14,000 vehicles a day if no traffic is gene- 
rated by its construction. If its characteristics approximate those of 
other modern freeways and expressways in our larger urban centers, 
we can anticipate a traffic generation of say 50 percent within a short 
time after its opening. Programming calls for the completion in five 
years, but in five years the 10,000 vehicles a day have increased to 
11,300 vehicles. If we assume that traffic would be generated upon 
completion at 50 percent, allowing one year for generation to stabi- 
lize, in six years our traffic will have increased to almost 17,000 
vehicles. Assuming further that the factors of vehicle registration, 
population, persons per vehicle, will continue at the same pace, then 
the mean traffic volume would approximate 21,000 vehicles a day, 
and at the end of the twenty-five-year period close to 28,o00o—nearly 
three times the present volume which justified the consideration of 
the facility. Even at this most nominal rate of 214 percent it appears 
excessive, and our first thought is “Well, we can’t construct for 
21,000 when we have only 10,000 today, but we can provide for such 
volumes in our plans.”” Whether this planning can be justified or not, 
only history can tell, but the fact is that no prognosticator since the 
war in any way relating to the motor vehicle has been able accurately 
to forecast existing traffic conditions. 

Referring back to the twenty-five-year charts: the mean traffic 
volume of 21,000 vehicles a day indicates an available revenue per 
mile per year of $26,250. This would allow an investment of 
$650,000 a mile on a pay-as-you-go policy, or an expenditure of 
$19,500,000 for a thirty-mile stretch of new highway. If the cost of 
this section of highway is estimated at $6,000,000, the 10,000 vehicles 
a day would more than amortize its cost. This $6,000,000 is ex- 
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tremely important money but due to the priority of stop-gap im- 
provements necessary for the immediate relief of congested areas 
cannot be spared from presently available funds. It therefore appears 
that the answer lies in supplemental financing, and that the project 
should be immediately pursued because the return on the invest- 
ment will more than offset the additional cost occasioned by interest 
to the extent of showing a sizeable profit. This then is good business. 
It is probable that these charts pertain only to the State of Washing- 
ton, and if made for other states, careful analysis of trends, vehicle 
miles, taxation and distribution bases, and administration should be 
made. Indeed, all factors involved must be investigated to plot prop- 
erly the lines for generated and available revenues, 

In using the charts for forecasting future traffic, for other than 
revenue purposes, it appeared that the rate of 214 percent com- 
pounded annually could not be used as a blanketing rate throughout 
the state. An analysis of the permanent traffic recorders in the state 
showed that traffic increase averages for the last six years varied from 
3.1 percent to 9.8 percent compounded annually. The locations of 
these recorders indicated that the variations were due in a large de- 
gree to the sufficiency of the existing section of highway upon which 
these recorders were located as well as the economic growth of the 
immediate area. An analysis of traffic through four stations on the 
same main highway showed that when two sections were modernized, 
only to the extent of two lanes, but with high design standards, the 
traffic increased four to five times that of the antiquated sections. 
This was far in excess of the statewide average, yet through-traffic be- 
tween the major population centers passed through all four stations. 
This corroborates the fact that generated traffic is highly local in 
nature, and would further indicate that too high standards of con- 
trolled access design minimizing the number of interchanges and 
connections to local roads will not serve and thus not attract local 
traffic which comprises the major portion of our larger traffic streams. 

The Motor Vehicle Use Studies now being pursued by numerous 
states in the nation will shed a great deal of light on this problem. 
As stated before, the business of forecasting traffic is highly compli- 
cated. It depends entirely upon the purpose for which the forecast is 
made. The State of Washington, varying greatly in its topographic, 











TRAFFIC QUARTERLY 















"Hy 


% 
4, 
My, ‘ 






\CAsS 
aes 2, 


% 
.O; 


TT) Goo) tae 





The TRAFICASTER is a logarithmic circular slide rule designed primarily to predict 
the increase in traffic volumes by different percentages for various future periods. 

Two sets of curves are provided. Those in solid lines are compounded annually 
at the rates shown, and those in dashed lines are on a simple percentage basis. (Black 
and red lines are used on the actual rule). The selection of either set of curves for pre- 
dicting future traffic volumes should be based on the history of traffic growth at the 
particular location under consideration. 

To use the slide rule, place the pointer marked “Today’s Volume” at the known 
volume. Select the proper curve for the anticipated rate of increase and the predicted 
volume may be read on the logarithmic scale by producing the intersection of this 
curve radially with the term desired as shown by annular rings. 
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climatic, and economic features necessitated the use of varying rates 
of increase for the proper analysis of any specific section of highway. 
The growth in population in the Puget Sound area due to power, 
timber, and the fibre industries, the development of the Columbia 
Basin Project, and the Hanford Works, threw us off balance in ana- 
lyzing our state as a homogeneous one. We were forever referring to 
the compound interest tables in our mathematical handbooks; for 
the history of all of our traffic recorders, both permanent and tem- 
porary, indicated large variations in increases. To expedite our 
calculations, we plotted graphs of these many curves which helped 
considerably in determining future volumes. It was discovered, how- 
ever, that these could be indicated on a logarithmic slide rule. The 
TRAFICASTER is the result. 

In its original form, it showed only the compound curves of 2, 3, 
4 and 5 percent, and was published on a card showing design data 
from permanent traffic recorder stations. It was distributed to the 
personnel of the Highway Department having to do with traffic, and 
its growth. The design data included the recorder number, its lo- 
cation, the 1951 average daily traffic, truck percentages, both single 
unit and combinations, the average compounded yearly increase in 
percent, and the goth, goth, and 50th, 1951 peak hours. Along with 
this TRAFICASTER was sent the attached communication fur the 
information and guidance of the recipient. 

This attracted a great deal of attention in this state and comments 
were received to the effect that it saved them considerable time just 
in predicting volumes for ramp design at interchanges. The interest 
generated spread to neighboring states. To make it pertain to states 
whose traffic increases were on a straight percentage basis, the curves 
on such a basis were added, and it was published and copyrighted in 
its present form. The writer has received many comments and sug- 
gestions. While it was not designed as a precision instrument, and 
being probably as accurate as the basic assumption with which it is 
used, it has been generally agreed that it is perfectly suitable for its 
purpose. It is expected that its production and distribution will be 
assigned to some nationally known organization to make it available 
to others interested in forecasting. 














Ann Arbor Benefits from Parking Plan 
MAYOR WILLIAM E. BROWN, JR. 


Mr. Brown has been elected mayor of Ann Arbor four times, and 
is now serving in his eighth year. As president of a firm of insurance 
brokers and owner of several motor sales companies, he has a broad 
experience in business which he is applying to the city’s problems. 
Mr. Brown is responsible for the development of the municipally- 
owned Ann Arbor Automobile Parking System, one of the first 
parking systems of its kind in the United States. Mr. Brown was 
decorated with the Order of the Orange Nassau by Queen Juliana 
of the Netherlands on her recent trip to Ann Arbor. 


NN ARBOR, home of the University of Michigan, at present 

has a population of 48,000 and an additional varying number 

of students from fifteen to twenty thousand. The city has an area of 
approximately seven square miles. 

The growth of Ann Arbor, the State of Michigan, and the 
University of Michigan was concurrent. Fortunately for the Uni- 
versity, Ann Arbor has not had a large industrial expansion; and 
fortunately too for the city, the University has had its influence on 
the type of industry brought to Ann Arbor, an influence that has 
resulted in the manufacture of highly specialized products and the 
employment of skilled workers these products demand. 

Situated about forty miles from Detroit on the main trunk 
highway between Detroit and Chicago, Ann Arbor is the center of 
an extensive network of paved and improved highways that cause 
many traffic problems. 

Within the last few years the citizens of Ann Arbor have built 
a new water plant, a new sewage disposal system; they were in- 
strumental in having a new $12,000,000 Veterans Hospital con- 
structed, and recently they voted to rebuild completely streets and 
sidewalks in the business areas. Also a plan consummated with the 
State Highway Department will give a beltline completely around 
the city that will take through-traffic away from downtown streets. 
This will entail the expenditure of millions of dollars. 
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Ann Arbor’s Traffic Problem 


Ann Arbor’s traffic problems are no different from those of any 
other city. With more than 25,000 registered cars and about 3500 
additional cars owned by students all operating in only seven square 
miles of area a terrific traffic problem exists in our city, as well as an 
almost insurmountable problem as far as parking is concerned. 

In 1945, as mayor, I proposed that parking meters be installed 
and a parking authority created, and that all revenue from parking 
meters and from lots or structures that we might build be used to 
secure revenue bonds issued. In that way we could borrow money 
and have off-street parking facilities immediately rather than use 
the income gradually. The resulting ordinance, unanimously 
passed on August 18, 1947, combined all parking facilities into the 
Ann Arbor Automobile Parking System. 

The writer owned a profitable parking lot, but I felt that I could 
not furnish the parking service that the public was entitled to at a 
price that would be any help in solving the parking problem. There- 
fore I knew that when our facilities were completed, other plans 
for the use of my lot would have to be made. 

I have always believed that no city or no branch of government 
should go into business in any form useless private enterprise fails 
to, and cannot, furnish a service that the public needs and must 
have. It has been proved in Ann Arbor that private enterprise 
couldn’t satisfactorily furnish water service, sewer service, and park- 
ing service. After two years of clearing away the legal obstacles and 
setting up a practical financing plan, the Ann Arbor Automobile 
Parking System was created by city ordinance. 


Administering the Parking Program 


In administering its parking plan, the city has followed a three-point 
program: (1) it pledged parking meter funds for the purchase of 
off-street parking lots; (2) it has provided for the consolidation of 
all city-owned parking facilities into a single automobile parking 
system; and (3) it has purchased and will purchase parking lots and 
erect parking structures, and will pay off the cost with future 
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revenues derived from the operation of the lots and other revenue- 
producing parking facilities, including parking meters. The debt 
wiil not be retired from general city funds, and the parking reve- 
nues will not be used for anything other than maintaining the Ann 
Arbor Parking System. This program was made possible, of course, 
by the 1947 ordinance permitting the issuance of revenue bonds. 

The City Council has purchased about 870 meters which are 
now in operation and earning about $87,000 a year. The parking 
meter fees are one cent for twelve minutes and five cents for one 
hour. 

Details of the first bond issue were worked out with municipal 
attorneys of Detroit. Sold to Ann Arbor banks and a Detroit com- 
pany, the bonds are in two series: (1947) 24% percent bonds to the 
amount of $330,000 and (1948) 3 percent to the amount of 
$300,000, to be paid off finally in 1963. Expansion of the Ann Arbor 
Automobile Parking System will increase the revenue bond issue 
to a total of more than $1,000,000. 

There are of course several different ways a system can be fi- 
nanced: with revenue bonds, by special assessment, by general taxa- 
tion, or by a combination of all of them. It is my opinion that financ- 
ing by revenue bonds is the better way because people are reluctant 
to vote taxes for anything, and particularly for a parking system; 
and special assessments are difficult to spread equitably. And the 
same result is obtained because property close to parking facilities 
increases in value and assessments are naturally increased. 

After the parking meters were installed four lots were acquired 
at costs of $24,533, $92,189, $63,245, and $61,039. Since that time 
three additional lots have been acquired at costs of $40,000, 
$100,000 and $75,000, and plans are now being drawn for an ad- 
ditional structure that will cost $400,000 and will accommodate 
about 375, cars. One lot was situated on a hillside ideal for ramp 
access on three levels. Through a unique design a three-deck garage 
was built on this site at a cost of $321,837.77. 

The cost for parking in any of the lots or the parking structure 
is nominal—ten cents for the first two hours, and five cents for each 
additional two hours. 


No property was condemned in purchasing the lots. The prop- 
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erty was acquired by the city through real estate dealers or city 
officials, and was financed by the sale of the revenue bonds or from 
the earnings of the system. 

The system has nothing to do with the city budget and operates 
independently. The Ann Arbor Automobile Parking System oper- 
ates the lots for itself and does not lease them to others for operation. 
All lots and the three-deck carport are operated on the customer- 
parking principle. All lots and the carport are arranged so that each 
car can get in and out of each parking space without moving another 
car. 

The proposed $400,000 three-deck structure is planned for the 
largest lot in the campus area, increasing its capacity from 132 car 
spaces to 375. This will bring the total capacity of the system to more 
than 1200 car spaces. The University of Michigan has cooperated 
with the city to the extent that they have provided for their 
employees and students about 2,450 parking spaces in forty differ- 
ent locations. 


INCOME OF ANN ARBOR PARKING SYSTEM 
year ending June 30, 1952. (Please see page 46) 


























Mainand North 
Totals Meters Carport Maynard Fifth Forest William Ashley 
Revenues 
Parking Fees $129,733.97 $74,879.94 $24,883.50 $17,253.95 $9,911.20 $ 589.38 $2,216.00 
Rent 3,639.69 3,120.00 $519.69 
Refunds 269.12 269.12 
Totals ........ $233,642.78 $75,149.06 $24,883.50 $17,253.95 $9,911.20 $3,709.38 $2,216.00 $519.69 
Expenses 
Salaries $ 18,222.88 $10,992.56 $ 3,286.56 $ 2,098.63 $1,424.68 $ 199.22 $ 149.72 $ 71.51 
Wages 20,042.13 1,071.07 10,563.61 5,080.40 3,065.36 91.18 65.22 105.29 
Tickets and office $04.07 50 229.14 168.23 94.60 4 ‘83 6.23 -54 
Telephone 166.46 93 $7.87 46.88 60.56 07 08 07 
Repairs . 1,569.91 461.41 64.73 69.15 22.50 941.40 6.25 4-47 
Motor equipment 
operation 1,927.82 424.83 566.71 364.23 272.98 42.57 236.15 20.35 
Fuel, light and water 2,331.34 1,581.79 117.43 85.22 546.90 
Materials and supplies 2,137.50 1,423.71 262.31 253.56 78.24 93.67 25.02 99 
Insurance 394.82 117.05 133.65 81.02 48.85 14.25 
Retirement fund 2,596.00 818.43 939.63 487.04 304.62 19.70 14.58 12.00 
Miscellaneous 1,767.47 1,075.99 165.01 111.20 391.65 22.40 1.22 
Totals .. . $ §1,660.40 $15,310.49 $18,761.99 $ 8,031.58 $5,568.81 $2,345.44 $ 525.65 $216.44 
Operating income .. $ 81,982.38 $59,838.57 $ 6,121.51 $ 8,322.37 $4,342.39 $1,363.94 $1,690.35 $303.25 
Other income 
Interest on investments 1,400.00 
Serre $ 83,382.38 
Other deductions 
2 y on 
debt $14,27 
Depreciation 9, woe $8 23,452.66 
Net income .... $ 59,929.72 
Appropriation of net income 
Debt retirement $ 40,000.00 
Purchase of equipment 12,180.00 
Surplus 7,749.72 


BOO. ncv ide cvs $ 59,929.72 
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In the fiscal year ending June 30, 1952, the net operating profit 
was approximately $83,000. The system is earning at a much higher 
rate than that at the present time. In addition, fines have increased 
from $10,000 before meters to $34,000 this year. Revenues and ex- 
penses for the meters, the carport garage, and the revenue lots oper- 
ating through June 30, 1952, are given in the table. However, the 
operating profit for the year ending 1952 does not take into con- 
sideration any revenue from the 100 additional meters added the 
last sixty days of the fiscal year, nor does it include any revenue that 
might come from the $100,000 lot bought and paid for during the 
course of the year. (See table on page 45.) 

In 1947 no cars parked by an orderly plan in Ann Arbor. They 
just parked and double parked. During the fiscal year ended June 
30, 1952, Over 300,000 cars parked in municipally owned off-street 
spaces. The whole parking plan has been designed for the conven- 
ience of shoppers and has not cost the taxpayers a cent. 

In purchasing lots for parking, the theory was to buy only the 
best lots with the idea that for the present they could be used for sur- 
face parking and that later the lots could be expanded to go up in 
the air or under ground for more space capacity. The location of 
each lot was seriously considered before negotiations to buy were 
put into effect. The map shows their relative location. 


Economic Benefits from Parking 


The active efforts of Ann Arbor to solve the parking problem stem 
partially from official concern over the threat of declining property 
valuation in the business districts, which provide an important part 
of the city’s total assessed value. Concrete evidence is already avail- 
able that adequate off-street parking facilities will influence the de- 
cision of private businesses to improve their present building sites 
or to undertake construction of new buildings. Consequently, it is 
logical to expect that the assessed valuation in business districts 
served by parking facilities will increase rather than decline over a 
period of years. 

Ann Arbor has three distinct retail business districts. These are, 
in order of their importance: Main Street District, State Street Dis- 
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trict, and South University District. Each is served with municipally 
owned parking areas. Twenty-four percent of Ann Arbor’s tax in- 
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come is from a radius of three blocks from the four corners of Main 
and Washington Streets. The carport is within this area. 

Since construction of the carport our largest department store 
has been completely remodeled. One large chain store has doubled 
in size, and another has erected a fine new building. Assessed valua- 
tions in the business districts have increased considerably since park- 
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ing facilities have been available. While it is difficult to attribute 
exactly the percentage of increase caused by having additional park- 
ing facilities, it is the writer's opinion that increase in the assessed 
valuation alone has been enough to more than amortize the cost of 
these facilities over a ten-year period. 

Consider briefly some of the factors that make for a thriv- 
ing business district. The number one objective of every retail store 
is to increase its volume of sales. Only through increased sales can 
a business prosper and expand. The biggest contributing factor to 
increased sales is an increase in the number of customers. And the 
only way to increase the number of customers is by increasing the 
traffic in the store. In other words, every person who enters a retail 
establishment becomes a potential customer. 

Traffic within a business district is dependent upon the ease and 
convenience with which the potential customer can enter that area. 
Ann Arbor’s strategically located parking areas have contributed 
much to this potential customer’s convenience. One need but look 
at today’s supermarkets to see the importance these organizations 
have placed on convenient parking areas. In many instances two to 
three times as much valuable land has been devoted to parking as 
has been used by the market structure itself. 

Stating these factors in reverse—parking areas make for conven- 
ience, convenience makes for store traffic, traffic makes for cus- 
tomers, customers make for sales, sales make for a prosperous and 
expanding business, and finally, expanding business makes for an 
increased assessment roll. 

It might appear offhand that the acquisition of land for parking 
areas would remove rather sizeable dollar amounts from the assess- 
ment roll. In most instances this has not been the case. The 
Ann Arbor parking sites acquired were ideally located on the fringe 
of the existing business districts, and no customer has to walk over 
500 feet from a 100 percent location of the area to find a place to 
park. These sites had been used for residential purposes, the dwell- 
ings themselves were old. From the standpoint of use the sites had 
been assessed as a resideutial area, and the loss of taxes from 


the properties acquired was not one-twentieth of that gained by the 
improvement in the area. 
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One result of added off-street parking facilities has been an in- 
crease in real estate values. This is not a matter of conjecture, but 
has been definitely proved by real estate sales in the areas of parking 
facilities. Recent appraisals indicate that property values in some 
business areas have doubled. This is largely traceable to additional 
parking facilities. Of course, it is not reasonable to assume that all 
properties in the business area have increased to such an extent, but 
it is true that there has been a decided increase in business-district 
values influenced by our parking facilities. 

For instance, it is known that a small piece of business property 
sold before the parking structure was completed for about $15,000, 
and that within six months after the structure was completed 
an offer was made in excess of $30,000 for the same property. 
Another case in point concerns a piece of property appraised in an 
estate for some $40,000 not more than four years ago, but before the 
parking system began to operate on any large scale. ‘This same piece 
of property was appraised recently by two of the most reputable real 
estate firms in the city for $110,000. Of course it is not all due to the 
availability of off-street parking, but certainly that has been 
the major influence in this increased valuation. There are many 
other instances that show conclusively that business realty values 
have been substantially affected by the availability of off-street 
parking. 

Hand in hand with an expanding business comes a need 
for larger inventories, more display cases, more office equipment. 
All are assessable as personal property. Also, expanding business 
requires more selling space, more warehouse space and often results 
in a major remodeling job or even a new structure to provide for 
greater facilities. These are all assessable as real property. 

There has been a general face-lifting of our business area, and 
very few of our shoppers now are going to Detroit or other cities be- 
cause of lack of a place for them to park. 

It is my opinion that any city with a parking problem has acres 
of diamonds in its business district in the form of additional taxes 
if parking is available, and that any city can solve its parking prob- 
lem if it really wants to and will spend the time and effort in work- 
ing out the many details required. 
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Any City Can Solve Its Parking Problem 


City officials from scores of cities in the United States and Canada 
have made trips to Ann Arbor to view its parking system and learn 
its procedure. I have made trips to fifty or sixty different cities to 
explain the system, since off-street parking problems are common 
to all. 

Any city can satisfactorily solve its parking problem if it will 
create a system whereby all of the revenue from the meters, lots, or 
structures is kept in one fund, and this revenue pledged as security 
for a revenue bond issue. In most states this is now legal and it is only 
right and proper that the money that goes into parking meters be 
considered a trust fund for motorists and shoppers, and should be 
used for their benefit. 

Proceeding on that theory, the only further thing necessary is 
the determination to apply the plan. To do this, the support of all 
local civic and business groups should be enlisted. Without the help 
of local publications and radio stations a plan will not be supported. 
It bears repeating that if anybody is willing to spend the time, the 
problem can be solved. 

One other thing that is extremely important in making a park- 
ing plan work is the complete cooperation of all city departments, 
particularly enforcement by the police department. 

One of the great benefits that our parking system has helped to 
produce is our traffic safety record. The police department has stated 
that because we have been able to eliminate much traffic congestion, 
Ann Arbor has a flawless record for the first nine months of 1952 as 
far as traffic fatalities are concerned. In 1951, Ann Arbor went with- 
out a fatality and won national recognition with two other cities in 
its class. Ann Arbor holds the best traffic safety record of any Michi- 
gan city in its population bracket over the last five years. 

The unusual success of the system is due to the enthusiastic sup- 
port from our citizens and their complete cooperation in making 
this unique plan work. The Ann Arbor Automobile Parking Sys- 
tem has been a profitable venture, but most important it has given 
all of us a place to park. 








Houston Streamlines Traffic Control 
MAYOR OSCAR HOLCOMBE 


Mr. Holcombe is completing his tenth two-year term as mayor of 
Houston, Texas. His service started in 1921 when at 32 he was the 
youngest mayor of a major city in the United States. An interest in 
traffic control has marked Mayor Holcombe’s administrations. 
Thirty years ago, on a train to California, observing the operation 
of the railroad’s block system, he wondered whether this system 
could be adapted to street traffic. From this idea, an experimental 
traffic signal was installed at a downtown Houston street corner— 
the first block system of traffic signals installed in the world. 


N VIEW of inadequate street and parking facilities, most city 
officials have recognized the need for furnishing services related 
to safe and efficient movement of people and goods within urban 
areas. Increased use of motor vehicles and the lack of sufficient park- 
ing space in business districts have directly affected the overall 
growth and development of numerous cities. Formerly, city officials 
accepted the responsibility for developing new streets and for im- 
proving existing streets to provide roadways for vehicular move- 
ments. Police departments were expected to regulate traffic flow and 
parking. The present-day problem of circulation of motor vehicles 
within a city has forcibly revealed to city officials the need for assum- 
ing additional traffic control responsibilities of an administrative 
nature in order to reduce traffic accidents and traffic congestion. 
Experience in many large cities has demonstrated the desira- 
bility of consolidating the activities of various departments directly 
related to traffic control. Some cities have established traffic engi- 
neering departments; others have assigned traffic engineering func- 
tions to a division of a city department; smaller cities have delegated 
authority to the police department, the public works department, 
or some other department to handle traffic engineering work. It is 
obvious that traffic control is now a specialized city service and that 
traffic engineers are needed to solve traffic and parking problems. If 
a city is not large enough to warrant establishing a traffic engineering 
department and employing a full-time traffic engineer, it is possible 
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for such a city to avail itself of the services of traffic engineering con- 
sultants when major traffic problems develop. 


Traffic Control in Houston 


In Houston, prior to 1940, all traffic and parking regulations were 
established by ordinance and the police department installed traffic 
and parking signs, marked curbs and painted streets. Although 
traffic regulations and a limited number of traffic control devices 
promoted safer and more efficient movement of motor vehicles, the 
rapid rate of increase in motor vehicle use and the inability of the 
rapidly growing city to provide necessary traffic and parking facilities 
emphasized the need for intensified action toward traffic control. 

In April, 1940, I established the first traffic engineering division 
in Houston and appointed a traffic engineer with specialized educa- 
tion, training and experience in traffic engineering work. 

Immediately after the establishment of the new division of 
traffic engineering, various technical surveys and studies were initi- 
ated and traffic regulations were revised to meet existing traffic re- 
quirements. The division prepared a traffic ordinance for the regu- 
lation and control of traffic movements and parking, and assigned 
to the traffic engineer authority to establish all necessary traffic 
control regulations and to install traffic control signs, signals, mark- 
ings and parking meters. The ordinance was approved and became 
effective in August, 1941. Adequacy of the original traffic ordinance 
is indicated by the fact that only a few minor revisions have since 
been adopted. Motorists and pedestrians have recognized the value of 
traffic controls and have adhered to restrictive regulations with a 
minimum amount of police enforcement. 

The value of traffic engineering work in Houston was demon- 
strated during the war when the traffic engineer was appointed War 
Transportation Administrator. The traffic engineering division as- 
sisted in the adoption of emergency traffic control measures and 
materially aided in the national defense program by preparing a 
staggered hours plan to provide for essential transportation of 
people. 

In January, 1944, the traffic engineer resigned and traffic engi- 
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neering activities were assigned to the police department under the 
direction of an acting traffic engineer. From that time until 1947, 
traffic engineering work again was confined to street marking and 
the placing of traffic control signs. Lack of personnel and funds 
during World War II restricted activities so little consideration was 
given to evaluation of major traffic problems and to traffic and trans- 
portation planning. On January 1, 1947, at the beginning of another 
term as mayor, I joined with city council in assuring citizens that 
our new administration would reactivate the traffic engineering 
division and would give necessary consideration to the solution of 
all traffic and transportation problems. 


Functions of Department of Traffic and Transportation 


On May 16, 1947, the department of traffic and transportation was 
established and a traffic engineer appointed as director. Through 
the adoption of a new ordinance, the department was given author- 
ity to conduct essential traffic surveys and investigations and to adopt 
necessary traffic control regulations. Funds were made available for 
employment of technical personnel, laborers, and necessary equip- 
ment and materials. 

Since the establishment of the department of traffic and trans- 
portation, the responsibility for parking meter installation and 
maintenance and the authority to route buses have been added to 
other responsibilities. Activities of the department have been di- 
vided between three divisions: Surveys and Plans Division, Street 
Marking Division and Parking Meter Maintenance Division. In- 
creased operating funds through budgetary allocations have made 
possible periodic additions to division personnel. 

During the last three years, three traffic engineering assistants 
have been added to the department of traffic and transportation. 
Because of their education, training and experience in traffic engi- 
neering work, they have rendered valuable assistance in preparing 
traffic control plans which have been adopted. 

The street marking division is responsible for the manufacture 
and installation of all traffic control and parking signs and for the 
painting of street and curb markings. Installation of traffic control 
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devices and their maintenance are supervised by an assistant traffic 
engineer. All necessary traffic control signs have been manufactured 
in the division’s modern sign shop with a great saving in public 
funds. The parking meter maintenance division shop has been 
modernized and is equipped to repair and maintain parking meters. 

The surveys and plans division was established to conduct traffic 
and transportation surveys and prepare plans for traffic control 
Fundamental traffic facts are collected and analyzed to evaluate the 
nature and magnitude of traffic problems and to determine solutions. 
This division has conducted numerous surveys which have formed 
the basis for traffic regulations and for installing essential traffic 
control devices. 

Since the creation of the department of traffic and transportation, 
many added responsibilities have been assigned to it by the mayer 
and city council. Traffic engineers have spent considerable time 
working with other city departments on problems related to traffic 
and transportation control, particularly with the police department 
in its enforcement activities and with the public works department 
in designing and planning adequate street facilities. 

Locations of traffic signals have been determined on the basis of 
traffic engineering investigations, and numerous installations have 
been completed with traffic signal bond funds. The type of equip- 
ment required for control of traffic with automatic traffic signals has 
been determined by the department and its electrical division. 


The Traffic Engineering Approach 


City traffic engineering activities may be divided into two broad 
classifications; adoption of immediate remedial traffic control meas- 
ures, and traffic planning. A great amount of time is required to 
investigate traffic problems referred directly or indirectly to a traffic 
engineering department. Elective officials of a city are vitally con- 
cerned in giving adequate consideration to all requests and com- 
plaints received from citizens. So the traffic engineer must be pre- 
pared to conduct field surveys and investigations and endeavor to 
satisfy complaints either by establishing regulations and installing 
traffic control devices where justified or by explaining to individuals 
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why such regulations or devices cannot be approved. Obviously, 
traffic engineers must be familiar with all sections of a city and must 
know where to concentrate efforts to reduce traffic accidents and to 
relieve traffic congestion. If funds are not available to effect im- 
mediate improvements at hazardous or congested locations, a traffic 
control plan or program must be developed to provide for necessary 
work on a priority basis. It is desirable to investigate the most serious 
traffic problems first and attack those problems immediately. Long- 
range traffic plans certainly are needed but they must be coordinated 
with other city plans, with proper consideration of financing meth- 
ods. 

The modern traffic engineering approach to the solution of local 
traffic and transportation problems recognizes the need for making 
the best possible use of existing street facilities. Yet it does not over- 
look the desirability of developing plans for future improvements 
that require time and money to accomplish. Although the lack of 
curb and off-street parking spaces has produced a problem for practi- 
cally all cities, the lack of accessibility to central business districts 
has also presented a big problem for traffic engineers. Particularly 
in rapidly growing communities like Houston, great increases in 
the number and use of automobiles, trucks and buses have made 
traffic engineering controls a necessity. 


Traffic Engineering Produces Results in Houston 


Traffic and parking problems in Houston have produced an unusual 
challenge to the traffic and transportation department. Owing to the 
rapid growth in size and population of Houston, motorists have 
conformed to many restrictive traffic and parking regulations that 
have not been acceptable in other cities. In particular, the one-way 
street system composed of twenty-two miles of streets in the central 
business district—effective on February 8, 1948—affected the travel 
habits of all citizens. Through the cooperation of the police depart- 
ment and the application of adequate informative traffic control 
signs, motorists soon adjusted themselves to the new regulations. 

In numerous cities, plans for one-way street regulation have not 
been adopted because of the opposition of retail merchants and 
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other special interests. By “pre-selling’’ the one-way street system 
in Houston through personal contacts and meetings with representa- 
tives of various special interests, the traffic and transportation de- 
partment obtained the cooperation of individuals and organizations 
so that when the proposal for one-way streets was presented to city 
council, it was adopted immediately. This type of selling traffic 
engineering plans and traffic and transportation control programs is 
essential if cities are to benefit from the results of good traffic engi- 
neering work. 

The traffic and transportation department has solved many traffic 
problems that developed after sections of the Gulf Freeway’ were 
opened. The first section of the Freeway, including a four-street 
distribution system, was opened to traffic on October 1, 1948, for a 
distance of 3.7 miles. On August 2, 1952, the new roadway was 
opened for the entire distance between Houston and Galveston. Be- 
cause of heavy concentrations of vehicular traffic on the Freeway and 
with approximately 80,000 vehicles traveling daily on the urban 
portion, city traffic engineers have been confronted with the problem 
of establishing traffic regulations and installing traffic control de- 
vices to permit the existing street system to absorb this heavy traffic. 
By timing traffic signals along the four-street system to provide for 
progressive traffic movements and by extending the one-way street 
system from the central business district to the Freeway feeder 
streets, traffic has moved safely and efficiently over city streets con- 
necting with the throughway section of the Freeway. 

Reductions in traffic congestion on city streets used prior to the 
completion of the Gulf Freeway, time savings motorists are now 
finding possible by using the Freeway and appreciations in land 
values in the zone of influence of the Freeway have revealed the ad- 
vantages of constructing additional miles of freeways similar to the 
Gulf Freeway. It is anticipated that through the cooperation of the 
city and the state, many more miles of freeways will be made available 
to motorists in Houston within the next few years. 

Activities and accomplishments of the traffic and transportation 
department are too numerous to mention in this article. Major 
activities, however, relate to the establishment of traffic regulations 

1 See “Traffic Quarterly,” October, 1952. 
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designed to expedite traffic movements and to reduce accidents. 
Citizens have approved bond issues for traffic signals in the amount 
of $1,350,000 during the last few years. 

Through the use of traffic and parking signs, the department has 
informed motorists and pedestrians regarding existing regulations. 
Left turns and many right turns have been prohibited at inter- 
sections along Main Street and at other major intersections to expe- 
dite traffic flow. Parking has been prohibited at all times on Main 
Street and on some major thoroughfares. By restricting parking 
during peak hours of the morning and afternoon on many express 
streets serving the central business district, it has been possible to 
use the curb lane for movements of automobiles, trucks and buses. 

Bus routes and bus zones have been designated on the basis of 
surveys and investigations to best serve bus riders. A north-south 
shoppers’ bus operates along Main Street through the central busi- 
ness district for a distance of approximately four miles and at a fare 
of only five cents. A similar shoppers’ bus operates east and west 
through the business district, connecting with a city shoppers’ park- 
ing lot. The fare on this east-west bus line is also a nickel and the 
parking rate in the shoppers’ parking lot for all day or for any part of 
the day is ten cents. 

By conducting extensive surveys of parking supply and demand 
in the central business district, the department has established park- 
ing regulations to make maximum use of existing curb space and to 
provide as many spaces as possible for short-time parkers. Approxi- 
mately 4,500 parking meters are now in use in Houston. Additional 
parking space is provided in numerous parking lots and large, off- 
street parking garages. ‘The off-street parking facilities provide ad- 
ditional space for shoppers and errand parkers and serve the demands 
of all-day or long-time parkers. 

A system of express streets consisting of approximately one 
hundred major arterial streets has been designated by the depart- 
ment with signs, signals and markings along these express streets to 
promote efficient traffic movement and to reduce traffic accidents. 
Plans are now being prepared by the city for further improving 
physical conditions along existing express streets and for developing 
additional major traffic arteries where required. 
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City Officials’ Responsibilities in Traffic Control 


Traffic control activities in Houston and results achieved through 
a traffic engineering approach, reveal the advantages of assigning 
adequate authority to a city traffic engineering department. Con- 
sidering the magnitude of presentday traffic problems and the fact 
that technical surveys and investigations are needed to improve 
traffic and parking conditions, most elective city officials now realize 
that decisions relative to traffic control should not be based upon the 
demands of citizens in the form of complaints and petitions, or by 
the pressure of organized groups. 

Personal experience as mayor of Houston has demonstrated the 
advantages that accrue to a city when all functions relating to traffic 
control, parking regulation and transportation are consolidated in 
one department. By officially permitting the city traffic engineer to 
establish traffic and parking regulations and to install traffic control 
devices where necessary and by adopting his recommendations, we 
have reduced political pressure in traffic matters to a minimum and 
have rendered city services relating to traffic movements and parking 
on an impartial and unbiased basis. Other cities can improve traffic 
conditions, as we have in Houston, by establishing a major city de- 
partment to handle traffic and transportation work, and by assigning 
sufficient authority to the qualified department head without im- 
posing the restrictions of political pressure or influence. 
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AS anyone hurt?” “Look at that car!” “How did it happen?” 
Who has not asked such questions or heard similar comment 
at the scene of a highway accident? They do not originate from idle 
curiosity, but illustrate public concern with the serious problem of 
traffic accidents. The causes of accidents, the killing and maiming 
of people, and the economic loss involved importantly affect all of us. 
In recent years the constantly increasing number and severity 
of motor vehicle accidents have been a matter of concern to many 
responsible groups. Each of these organizations has engaged in 
studies dealing with the causes of traffic accidents, concentrating its 
activities on some phase of motor vehicle operation and use. The 
manufacturer has been striving to improve motor vehicle design to 
attain greater operational safety and to eliminate accidents due to 
mechanical failure. Automobile clubs interest themselves in driver 
training; safety organizations investigate driver behavior, and 
through continuing campaigns seek to educate motor vehicle oper- 
ators. Enforcement of existing traffic laws and regulations is con- 
tinually stressed, with the apprehension, punishment, and elimina- 
tion of imprudent drivers the prime objectives. 
To these various activities may be added the effort of the high- 
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way engineer to improve traffic control and to perfect highway de- 
sign, thereby minimizing the contribution of the highway facility 
to the occurrence of accidents. The extent to which roadway charac- 
teristics operate as causative factors in traffic accidents, while com- 
paratively unexplored, is of immediate concern to the highway 
engineer. 

He is aware, however, that the presence of numerous other fac- 
tors preclude the possibility of accurately measuring the exact effect 
that highway design features have on accident occurrence. One such 
factor is driver behavior which includes indifference, inattention, 
intoxication, excessive speed, and the like. The weather and its 
attendant effect on roadway surface condition is another factor con- 
tributing to accident occurrence with a wide variation in the magni- 
tude of its contribution. Roadside features that may tend to distract 
the motor vehicle operator constitute a third factor. The highway 
engineer, considering roadway design to find what degree of re- 
sponsibility lies therein, cannot ignore these factors as they act in- 
dependently or as their interaction develops accident potential. 


Minnesota’s Five-Year Study 


In 1947, Minnesota, in co-operation with the Bureau of Public 
Roads, undertook a study to determine the degree of relationship 
that exists between highway accidents and geometric design features. 
The route selected for this study was U.S. 52, extending from the 
southeast border of the state in a generally northwesterly direction 
to the Minnesota-North Dakota boundary. See Figure 1. 

In order to study the influence of roadside features previously 
mentioned, it was decided—while the field work was still in progress 
—to include an inventory of ali advertising signs and access points 
along the route. From this additional information, the effect of ad- 
vertising signs and access points on rural highway accidents was to 
be analyzed. 

It was originally planned to include for analysis accidents that 
occurred during 1948, but preliminary tabulations revealed in 
many instances that the number of accidents was insufficient to per- 
mit a complete analysis. It was decided therefore to include acci- 
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dents that occurred in 1949 and to compute accident rates on the 
basis of an annual average for the two-year period. 


ACCIDENT STUDY ROAD U.S. 52 


OvLUTH 




















< 
tod 
° 
= 2 m & = 
o 
FERGUS FALLS 
x _ 
— 
S 
4 % 
ry = 
2 i 
iT cLouD ° 
” 
’ 
12 ° 
D 
< 8. 
2 
i n ute os 
co MINNEAPOLIS mal 
=x c suf 
- 
< a 
° 
es ‘cd 
a 
7) 
~ ROCHESTER 
7 i“ 
> La > “ 
° -) r 
” 
6 is = 
° - A 


Ficure 1. The study road included all of the two lane rural roadway on U. S. 52. 


When these 1949 accidents were added to the study, it was noted 
that most of them took place at locations that were free of accidents 
in 1948. This observation pointed out the possibility that accidents 
may have occurred, at one time or another, on every road section 
included for study. It also accentuated the fact that many of the 
accidents may have been caused by faulty driver behavior, poor 
mechanical condition of the vehicle, or weather conditions, without 
any contributing effect from roadside features or roadway charac- 
teristics. 
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Consequently, every accident rate shown herein has a component 
that is not related to roadside features or to roadway characteristics. 
Since this component was not eliminated, the influence of each of 
these features or characteristics on accident occurrence is measured 
by means of the difference between accident rates which include, to 
a greater or lesser degree, the influence of this component. 


Data Obtained for Study 


The collection of data in the field and from office records followed 
prescribed procedures. All roadway elements, design features, road- 
side structures, access points, and advertising signs were inventoried 
in the field. Information on the number and location of the acci- 
dents was obtained from the Department accident record files. All 
this information was entered on strip maps of the study road which 
provided a continuous record of the data obtained for the study. 

The information on these strip maps was examined to select road 
sections having similar characteristics. To make this selection, it 
was necessary to determine those roadway elements and characteris- 
tics as well as roadside features which were sufficiently important to 
change the character of the road. The more important roadway 
elements were tangent and curve, further qualified by width and 
type of surface and shoulder. Grade, terrain, type of road, and traffic 
volume were some of the other important characteristics considered. 

Obviously, many combinations of highway characteristics 
emerged from this large number of roadway elements and roadside 
features. The assignment of these combinations to the study route 
resulted in the segmentation of the route into approximately 2,600 
individual road sections. Intersections were also classified in sub- 
stantially the same manner. The data on each section and each inter- 
section were then punched on three sets of tabulating cards for the 
purpose of analysis. 

Preliminary tabulations were studied to determine a general 
analytical approach. These tabulations revealed that it would not 
be possible, because of insufficient data of one type or another, to 
analyze accident rates for each of the many groups of road sections 
defined by the different combinations of important characteristics. 
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Lacking sufficient data for a complete analysis, it was decided that 
further study should be confined to the 713 accidents assigned to the 
tangent, curve, and intersection elements located on 420 miles of 
the two-lane roads which carried fewer than 5,000 vehicles per day. 
The tangent sections totaled 343 miles, the curve sections 77 miles, 
and the intersections numbered 639. 

The relation between accidents and roadway geometric features 
was fully explored and the findings in most cases simply substan- 
tiated those which have been previously published. A few of these 
findings, however, may be of interest. 


Some Reasonable Assumptions Disproved 


It seemed a reasonable assumption that short tangent sections, in- 
terrupted by curves and intersections, should tend to keep vehicle 
operators alert and to restrain their speed so that their vehicles are 
under reasonable control. If this assumption were true, the longer 
tangent sections, where greater speeds are likely to occur, should 
have higher accident rates. When this was investigated, it was found 
that the rate for tangent sections less than a half mile in length was 
1.3 accidents per million vehicle miles compared with 1.6 and 1.5 for 
sections 1.0 to 1.9 miles and 3.0 or more miles in length respectively. 
It is obvious that the rates for the longer tangents are not signifi- 
cantly different from those for the short tangents to validate the orig- 
inal assumption. 

Accidents as related to the speeds at which motorists travel are 
usually mentioned in every discussion of highway safety. An inves- 
tigation of accident rates and speed was made on the tangent and 
curve sections. The sections were grouped according to their 85 
percentile speed. In each case, the rate of speed was influenced by 
posted speed limits as well as design features and other conditions 
of hazard created by business establishments which populated the 
rural road margin. These groups of road sections were further sub- 
divided by traffic volumes and accident rates were computed. For 
road sections with low traffic volumes, the highest speed groups had 
the lowest accident rates and conversely, the lower speed groups had 
the highest accident rates. 

















64 TRAFFIC QUARTERLY 


A detailed check disclosed that the low speed sections were ad- 
jacent to urban areas and the high speed sections were in strictly 
rural areas. The 101 miles of tangent roadway in the 55-59 MPH 
speed group had comparatively few intersections, access points, and 
advertising signs; all but nine of these miles carried fewer than 
3,000 vehicles per day. In fact, this mileage seemed to have the ideal 
conditions for an accident-free record. From these ideal conditions 
it appears that a low accident rate of 0.80 is perhaps the minimum 
rate that can be expected on our two-lane rural highways when acci- 
dents of all types are considered and traffic volumes range from 
1,000 to 3,000 vehicles per day. For sections having traffic volumes 
over 3,000 vehicles per day and the same high speed, the rates were 
substantially higher than for sections with the same speeds but lower 
volumes of traffic. 

The low speed sections adjacent to urban areas were caused to 
a great extent by the decelerating action of motorists approaching 
the urban area and by other motorists who, on leaving the urban 
area, had not as yet attained cruising speeds usually associated with 
rural highways. These deceleration and acceleration actions un- 
doubtedly tend to maximize the difference in speeds between suc- 
cessive vehicles and thus create friction which usually increases the 
accident potential on any road section. 

The low speed sections were also fringed with the type of de- 
velopment usually associated with roadside business enterprises 
served by numerous access facilities of both indiscriminate and 
methodical design. A tabulation of these access points was made for 
tangent sections in three specified speed groups. This information is 
shown in Table 1. 

Table 1 


ACCIDENT RATES AND FREQUENCY OF Access POINTS 
FOR TANGENT SECTIONS IN SPECIFIED SPEED Groups 


Average Access 
Daily Points Accident 
Speed Group Miles Traffic Per Mile Rate 
go to 39 mph 10 2256 27.4 2.5 
40 to 49 mph 49 2324 13.8 1.8 


50 to 59 mph 284 2057 8.8 1.4 
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The apparent relationship shown in this table between access 
points per mile and accident rates indicates the importance of mar- 
ginal friction as a contributing factor to accident occurrence. An- 
other element of doubt is cast on the assumption that speed of 
itself is a major cause of accidents. 

The road sections comprising the 77 miles of curved roadway 
were grouped according to traffic volumes and specified speeds; 
accident rates were computed for each group so formed. When com- 
parison was made with similar groupings of the tangent roadway 
sections, substantially higher accident rates were found in all but 
three groups of curved sections. In these three instances the rates 
were based on limited data and cannot be considered representative 
of actual conditions. 

Intersections were a third roadway element selected for study 
with respect to accident occurrence. Assigning an accident to an 
intersection was determined by the location of the initial situation 
which caused the accident. For example, an accident was assigned 
to an intersection if a motorist lost control of his car when avoiding 
another vehicle in the intersection and as a result collided with a 
second vehicle perhaps at a point well removed from the inter- 
section. 

In classifying the intersections in the study it was found that 96 
percent of them had intersectional volumes of fewer than 5,000 
vehicles per day, with less than 10 percent cross traffic. Further 
analysis was confined to these 593 intersections, 343 of which were 
three-way intersections and 250 were four-way intersections. The 
accident rates per 10 million vehicles for three-way and four-way 
intersections in specific intersectional volume groups are presented 
in Figure 2. It is apparent that traffic volumes have the greatest 
effect on accident frequency at four-way intersections. This suggests 
that it is decidedly more dangerous to cross both directional lanes 
of traffic in a single maneuver than to merge with the two traffic 
streams as is done at three-way intersections. 

Access points were one of the roadside features on which in- 
formation was obtained during the course of the study. Any location 
at which access to the study roadway was provided was considered 
to be an access point. Excluding public road intersections, a total of 
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3239 such access points located on the 420 miles of two-lane high- 
way were tabulated. Field entrances, facilities that provide little 
traffic service, were the most frequently encountered type of access 
point. These, together with access points serving farm dwellings, 
accounted for nearly 72 percent of the total, reflecting the predomi- 
nantly agricultural characteristics of the area traversed by the study. 


ACCIDENT RATES AT INTERSECTIONS BY 
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Ficure 2. A comparison of accident rates at three-way and four-way intersections in 
specific intersectional volume groups. 


Access-Accident Relationship 


To establish the relation, if any, that might exist between access 
points and accidents, all of the previously selected road sections 
were sorted into three groups: those with access points serving com- 
mercial activities, those with access points serving non-commercial 
activities, and those with no access points. The accident rates for 
the miles of road in each of these categories were then computed. 
The rate for the sections without access points and the rate for sec- 
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tions with access points serving non-commercial activities were not 
significantly different, being 1.4 and 1.5 respectively. This would 
seem to indicate that access points used relatively infrequently do 
not make a major contribution to the accident potential of a rural 
road section. 

The rate for the sections with access points serving commercial 
activities, however, was 2.g—twice as great as the rates for the other 
groups. This difference reflects the greater frequency of use of the 
access points serving commercial activities. The increased turning 
movements out of and into the through-traffic stream create condi- 
tions of hazard which may be almost continuously present at such 
locations. 

To investigate the existence of correlation between accident 
rates and the number of access points per mile, the road sections were 
cross-classified according to the number of access points per mile and 
by traffic volume ranges. Average accident rates were then computed 
for each group of sections so formed. When making the computa- 
tions, it was noted that certain rates had to be based on one or two 
road sections. This limitation in the data caused some of the irregu- 
larities shown in Figure 3, especially with respect to the higher traffic 
volume groups. Even so, it is evident that a definite relation exists 
between the frequency of access points and accident rates. 

At each of the access points the angle of approach was measured 
and the visibility, often a contributing factor in accident occurrence, 
was evaluated. The visibility was considered restricted if obstruc- 
tions did not permit an unlimited view of the roadway from a point 
on the access facility forty feet from the center of the roadway. Only 
about 10 percent of the access facilities were found to have restricted 
visibility. The causes of these restrictions were the customary ones 
such as banks, trees, brush, buildings, or signs. There was little in- 
dication that the angle of approach had any influence upon visi- 
bility. Over 83 percent of the access facilities with restricted visibility 
were included among the access points which had an angle of ap- 
proach between 70 and 110 degrees. 

The population of rural roadway margins with business estab- 
lishments has taken place with little consideration given to the safety 
of the traveling public. The intent has been to locate along routes 
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carrying substantial volumes of traffic and to entice the public by 
every means possible to stop and patronize the business. Frequent 
driveways, intended to give optional and ready access but too often 


ACCIDENT RATES PER MILLION VEHICLE MILES 
FOR ROAD SECTIONS HAVING DIFFERENT TRAFFIC 
VOLUMES AND ACCESS POINT FREQUENCIES 
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Ficure g. Accident rates for road sections in specified traffic volume groups and in 
specified access point frequency groupings. 


470 27.9 


poorly designed and maintained, provide numerous points of pos- 
sible interference with the through-traffic flow. It is felt that these 
conditions, accompanied with pavement-edge parking and increased 
pedestrian activity, create situations adjacent to roadside business 
establishments which induce accidents. 
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Effects of Roadside Business on Accidents 


In an attempt to measure the extent to which this is true, sections of 
roadway within 300 feet of one or more of 337 roadside commercial 
establishments were segregated for analysis. These sections, 177 in 
number, totaled twenty-five miles of road. The average number of 
vehicles that traveled these sections was not appreciably different 
from the average traffic volume for the entire 420 miles of two-lane 
roadway. Investigation of these sections, however, revealed that 81 
accidents or nearly 16 percent of all the accidents occurred on the 
twenty-five miles which represented only 6 percent of the mileage. 
These sections had an average accident rate of 3.80 per million 
vehicle miles compared to an average rate of 1.45 for the remaining 
395 miles of two-lane highway. 

Accidents assigned to intersections on these sections were not in- 
cluded in the above analysis but were investigated separately. There 
were 6g accidents at the 134 intersections which were influenced by 
roadside commercial activities. Comparison with the intersectional 
accidents on the remaining mileage revealed that these 69 accidents 
comprised over 34 percent of the intersectional accidents but oc- 
curred at only 21 percent of the intersections. 

The extent to which roadside advertising operates as a factor in 
causing accidents has been the subject of much speculation. The 
basic concept of roadside advertising may be said to conflict with one 
of the fundamental principles of safe driving. ‘This phase of adver- 
tising depends on the ability of roadside signs to capture the atten- 
tion of and convey impressions to motorists who should be directing 
their constant attention to the progressively changing roadway con- 
ditions. The success with which this is accomplished may be 
measured by the ever increasing number of advertising signs being 
erected along the highways. Because this competition for motorists’ 
attention is successful, it seems axiomatic that accident occurrence 
should be related to some extent to the frequency of signs along the 
highway. 

A total of 4,069 advertising signs located along the study road 
did not include those signs attached to or painted on buildings along 
the road. A substantial majority of the signs were less than sixty feet 
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from the center line of the roadway revealing a studied attempt, 
limited only by right-of-way boundaries, to locate signs within 
motorists’ range of vision. In competing for motorists’ attention the 
signs varied greatly in size, shape, and color used to convey the 
message. Only 828 or 20 percent were of the large or billboard 
variety, while nearly half were less than 12 square feet in area. Hori- 
zontally rectangular signs were predominant and contrasting combi- 
nations of red, yellow, black and white were most generally used. 
Only 21 out of the 4,069 signs used either red or green lights, or 
words such as “Stop,” “Caution,” “Slow,” or an arrow as a sign or 
within a sign. 

The average frequency of the signs was found to be g.1 signs per 
mile on tangent roadway and 12.1 signs per mile on curves. 

The average number of advertising signs per mile and the aver- 
age accident rate were computed for road sections in each of seven 
traffic volume groups. The results are shown graphically in Figure 4. 
The similarity between the patterns formed by each series of the 
plotted data indicated some apparent relation between the fre- 
quency of signs and accident rates. It was recognized that this in- 
dicated relationship might result from a combination of factors or 
it could be due to some single factor which influenced sign frequency 
and accident occurrence to approximately the same degree. An in- 
vestigation of these factors was made in an attempt to measure their 
contribution to this relationship. 


Study of Sign Frequency Influence 


The study route was divided into 400 road sections, each approxi- 
mately one mile in length. The annual daily traffic volume, the ac- 
cident rate per million vehicle miles of travel, and the average 
number of signs per mile were computed for each individual road 
section. The road sections were then grouped according to sign fre- 
quency into eight sign groups. A study of the data within each 
sign group revealed limitations within certain of the groups. To 
partially reduce the effect of this limited data, 77 road sections hav- 
ing more than 13.0 or more signs per mile were combined into a 
single group reducing the number of groups from eight to five. Ten 
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road sections having traffic volumes of fewer than 1,000 vehicles per 
day were eliminated, thus reducing the number of road sections to 
be studied to 3go. 


ACCIDENT RATES ON TWO—LANE ROADWAY 
WITH NUMBER OF ADVERTISING SIGNS PER MILE 
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Ficure 4. A comparison of accident rates with advertising signs per mile for road sec- 
tions in specified traffic volume groups. 


The road sections in each sign group were further classified into 
five traffic volume groups, making a total of 25 groups of road sec- 
tions. The average accident rate for each of these groups was com- 
puted and tabulated. They are graphically presented in Figure 5. 
In certain of these groups the accident rates were based on a very 
limited number of road sections and this, in part, may account for 
some of the irregularities in the pattern. 

Trend lines were computed to explore the possible existence of 
some relation between accident rates for road sections having similar 
traffic volumes but different frequencies of signs. These trend lines 
showed a positive relationship between sign frequencies and ac- 
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cident rates, with the highest rates occurring with the greatest fre- 
quency of signs per mile. The trend lines also revealed that the rate 
of increase in accident rates for each of the five traffic volume groups 
was not uniform. 
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Ficure 5. Accident rates for road sections in specified sign frequency and traffic 
volume groups. 


Simple correlation was then computed for different combina- 
tions of three factors: Traffic volume, sign frequency, and accident 
rate. The coefficients of correlation were as follows: 


Signs and Accidents 0.329 
Signs and Traffic 0.338 
Traffic and Accidents 0.334 


Partial correlation between combinations of these same factors pro- 
duced the following: 


Between Signs and Accidents, Traffic constant 0.244 
Between Signs and Traffic, Accidents constant 0.257 
Between Traffic and Accidents, Signs constant 0.250 
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Multiple correlation with accidents as the dependent variable pro- 
duced a coefficient of 0.405. 

From the above coefficients of correlation it was determined that: 

1. When the influence of signs is added to the simple correlation 
of accidents and traffic, the unaccounted-for variance is reduced 
5-95 percent. 

2. When the influence of traffic is added to the simple correla- 
tion of signs and accidents, the unaccounted-for variance is reduced 
6.25 percent. 

The reliability of the above coefficients of correlation was tested 
and it was found that less than once in one hundred times would 
such an association be due to chance. 

An investigation was made to determine any possible relation- 
ship that might exist between advertising signs located at or near 
intersections and accident rates. Each intersection was assigned all 
advertising signs located within 200 feet of it. All intersections, 
separated by type, were then grouped according to the number of 
signs, and the accident rate per ten million vehicles (intersectional 
volume) for each group was computed. The results are shown in 
Table e. 


Table 2 


ACCIDENT RATES FOR INTERSECTIONS 
BY NUMBER OF SIGNS 


Three-way Intersections Four-way Intersections 
Number of Signs Number Accident Rate Number Accident Rate 
None 146 1.5 103 3.1 
1, 2, Or § 155 2.0 111 3.2 
4 or more 42 4-4 36 9.1 


It is interesting to note that the accident rates for both types 
of intersections are considerably higher at those having four or more 
signs than at intersections with fewer than four signs. The four-way 
intersections having four or more signs have a decidedly higher 
accident rate indicating that the effect of driver distraction is prob- 
ably more potent at such intersections where driver alertness is re- 
quired because of the larger variety of vehicular maneuvers taking 
place. When the intersections in each sign group were further classi- 
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fied according to traffic volumes and accident rates computed for 
each traffic volume group, no significant difference in rates was noted 
for intersections having fewer than four signs. 


Report on the Study 


Our report on this study would not be complete without mention 
of certain shortcomings which created problems in the analysis. 
While problems are to be expected in any study of this kind, we feel 
that these shortcomings limited in scope many of our investigations 
and the findings are therefore necessarily general in nature. 

At an early stage in the analysis it was discovered that the study 
did not include a sufficient mileage of roadway having specific 
characteristics to allow a broad range of stratification with respect 
to traffic volumes, speeds, access points, advertising signs, inter- 
sections, etc. When consideration is given to all the factors which 
independently and through interaction create conditions of hazard 
that cause accidents, it would be desirable to attempt to level out the 
effect of some of these factors by using road sections which have been 
so stratified. The compilation of accidents should probably have 
covered a three-year period for the same reason. 

Our analysis was further limited because the basic or primary 
cause of each accident was not coded on the cards. No investigation 
of accidents at access points was possible since accidents were as- 
signed to roadway elements (tangent, curve, intersection) and not 
to roadside features. A greater refinement in the classification of such 
information would have permitted more extensive analysis of the 
data. 

In conclusion we feel that this study has proved that because of 
certain immeasurable factors the occurrence of motor vehicle acci- 
dents can not be precisely predicted on the basis of roadway elements 
and roadside features. It is evident, however, that these various 
elements and features, alone or in combination, contribute in 
varying degrees to accident occurrence. The magnitude or fre- 
quency of these roadway characteristics governs the extent to which 
accident potential is generated. 
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Highway Classification in Washington 


ROBERT G. HENNES 


Mr. Hennes is professor of Civil Engineering, in charge of trans- 
portation engineering and earthwork engineering, at the Univer- 
sity of Washington in Seattle where he has taught since 1934. He 
was a member of the first and second International Conference on 
Soil Mechanics and inaugurated the work in soil mechanics at the 
University of Washington. He is chairman of the Washington 
State Council for Highway Research, a member of the American 
Society of Civil Engineers, the American Railway Engineering 
Association, the American Concrete Institute, the American So- 


ciety for Engineering Education, and an Associate of the Highway 
Research Board. 


STATE highway system should be an integrated network of 
roads related in function. The benefits of central administra- 
tion are most fully realized in an integrated system. 

The existence of state highways recognizes state responsibility in 
certain fields of transportation, and the state system logically should 
be limited to roads within the province of state responsibility. Where 
the system has grown without regard to basic principles, an aggra- 
vation of jurisdictional and financial problems is unavoidable. 

Ever since, in the depression of twenty years ago, new sources of 
revenue for local roads became necessary there has been a tendency 
to transfer local roads to state systems for financial rather than ad- 
ministrative reasons. During the 1951 session of the Washington 
State Legislature twenty bills were introduced involving the transfer 
of 221 miles of roads from county to state responsibility. 

Local officials and local community groups have proposed an- 
other 5,00 miles of road for state adoption. Thus it becomes increas- 
ingly important that conscientious legislators use some valid method 
of weighing the merit of these proposals, if they would avoid an in- 
ordinate highway expansion. 

During the previous several years the Legislature had gained 
considerable confidence in the value of research when confronted 
with the necessity for review of fundamental highway policy. The 
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Automotive Safety Foundation had made a study of highway needs; 
the Public Administration Service had reported on distribution of 
gas tax revenues to the counties; and two financial studies had been 
made by Dr. James Nelson of the State College of Washington, acting 
as economic consultant to legislative interim committees. 

So again in 1951 the Legislature adopted a course of action that 
had proved successful in the past. The Joint Fact-Finding Commit- 
tee on Highways, Streets, and Bridges, which had introduced and 
enlisted general support for a highway program based upon research, 
under the chairmanship of Mrs. Julia Butler Hansen, was recreated 
under the same capable leadership. This time the directive was to 
prepare a report on highway classification. 

The Interim Committee assigned the study of highway classifi- 
cation to the Washington State Council for Highway Research. The 
Council used the staff at the University of Washington and at the 
State College of Washington to conduct the investigation. 

From the outset it was apparent that the situation facing the 
Legislature did not call for drastic revision of the existing system of 
primary state highways, but for some sort of check against imprudent 
expansion in the future. To be effective, such a check must be factual 
and unequivocal. It should not be open to misinterpretation. 

The nature of the problem pointed to the establishment of a 
formula based upon pertinent data of public record capable of yield- 
ing a numerical rating for any proposed addition to the highway 
system. Admittedly, any numerical grade for qualification as a state 
highway would be imperfect, but any alternative procedure would 
be open to abuse under the pressure of local interest and political 
expediency. 

The development of such a rating system must start with a recog- 
nition of those factors that justify the existence of state highways. 

When a man needs a driveway into his backyard it is his decision 
when and how it shall be built, and he foots the bill. When a com- 
munity feels a similar need for roads to serve the various elements of 
the community, the people decide what they want and how to get it. 
They face quite different problems when they seek access to localities 
remote from their own community. 

First, not all individual residents are interested in going to 
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the same places. Second, the magnitude of the job of providing 
interregional roads is beyond local resources and local control. 
Fortunately these diverse individual interests are shared by other 
individuals in other communities throughout the state; and the 
widespread existence of a common interest (in these and other mat- 
ters) has resulted in the establishment of state governments, whose 
function it is to permit expression of state interest, and to provide 
agencies to do what is required by the interests of the state. 

Besides their common desire to get from place to place, the 
residents of the state share a common interest in the greater pros- 
perity of the state. They all benefit as a group when any one segment 
becomes more productive. As better highways lower the cost of trans- 
portation to agriculture, industry, and commerce, everyone ulti- 
mately benefits in his individual standard of living. 


Direct and Indirect Benefits 


It is important to distinguish between these direct and indirect 
benefits to the individual citizen. If his direct personal use of some 
one section of road is shared with fellow motorists from all parts of 
the state, their collective interest in that piece of road is synonymous 
with state interest, because no smaller political unit contains all 
these road users. On the other hand, a section of road used almost 
exclusively by residents of a smaller political subdivision of the state 
would invoke no state interest in this same sense. It would still in- 
voive state interest, however, to the extent that the whole state bene- 
fited indirectly from such local traffic through economic contri- 
butions to commerce, industry or agriculture. 


1. Direct Benefit. Only the state can represent the direct interest 
of its citizens in interregional travel. 


2. Indirect Benefits. There is a statewide interest in any road 
which contributes to the economic health of the state. 


Recognition that there exists a state-wide public stake in some roads 
does not automatically prove that those roads should be constructed 
and maintained by a state agency. Conceivably, they could be ad- 
ministered by a privately-owned public utility, or through the 
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coordination of local road administrations. It is a fact, however, that 
through the years American experience with roads has led in every 
instance to the adoption of a state highway system. There are many 
reasons for this historical fact: 

1. Location. The major values of an integrated state highway 
system are realized on direct through-routes. These can best be 
selected by centralized authority. 

2. Design. The building of good roads demands high technical 
competence, the teamwork of many specialists, and first-rate labora- 
tory facilities. If road-building were a simple art, there would have 
been fewer road failures. The best sort of road building requires 
greater technical resources than most local political subdivisions 
have been able to pay for. 

3. Administration. Design and maintenance depend upon the 
sizes and numbers of vehicles using the roads. Also, to be fair to the 
highway user, there must be uniform rules of the road; these rules 
are most readily framed and enforced by a central authority. 

Obviously then, some roads do excite state-wide interest and the 
state administration of an integrated highway system composed of 
such roads is in the public interest. Roads should be administered at 
the level of greatest efficiency; they should be paid for by all the bene- 
ficiaries. 

It becomes evident, then, that the first step in the classification 
of highways into integrated systems will have been taken with the 
development of a method for measuring the state interest in roads. 

The best assurance for maintaining an integrated and practical 
system of state highways would be given by the creation of a yardstick 
for measuring qualities that properly belong to a state highway. 
Since roads become state highways in response to state interest, the 
problem becomes one of measuring state interest. From the discus- 
sion already presented in this report it appears that two major com- 
ponents must be measured: 

1. The direct benefits of the present or potential use of highways 
by the people of the state for intercity or interregional transportation 
of people and goods. 

2. The indirect benefits of the present or potential use of roads in 
the economic activity of the state. 
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Preliminary to any rigorous analysis of these factors, a thorough 
investigation was made of all known sources of relevant information 
and opinion. This study was made at several levels: 

1. By correspondence and by personal conference, most of the 
authorities on highway policy were consulted. This group included 
federal and state officials, research foundations and institutes, and 
specialists from various universities across the country. These na- 
tional authorities were asked for their ideas on highway classifi- 
cation, and especially for any criticism of the proposed plan of 
procedure. Constructive suggestions were adopted; no basic criti- 
cism of the research program was encountered. 

2. Research staff members made personal visits to every county 
engineer in the state. These consultations served to collect local 
opinion on the relation of county roads to state highways, and to 
compile a list of local roads for analysis. 

3. In the course of the investigation both the research methods 
and the available data were described for public consideration at: 

a. The Fifth Northwest Conference on Road Building, held in 
Seattle on February 13-15, 1952; and 

b. Aseries of open meetings throughout the state in April, June 
and July 1952, conducted by the Joint Fact-Finding Committee on 
Highways, Streets and Bridges. As a result of these hearings many 
additional roads and some additional topics were incorporated in the 
research program. 

The considerable sampling of informed opinion acquired in this 
comprehensive fashion was a great help in selecting salient factors 
for study. 


Intercity Travel Desire 


The measurement of state interest in highways must first recognize 
the obligation of the state to facilitate the travel of those of its resi- 
dents who wish to go beyond the boundaries of their local communi- 
ties or political subdivisions. 

Certainly the chief justification for having interregional high- 
ways is that the people want to use them. At first glance it might seem 
that a simple count of the cars at a given point on a road would be a 
good measure of the popular desire to use that road. Various in- 
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vestigations have shown, however, that most of the motorists tabu- 
lated in such a traffic count would not be using the road as an inter- 
city highway but as a local road or street. A highway system based 
solely on traffic count would possess few of the characteristics that 
have been shown to justify the existence of state administration. 

This shortcoming could be overcome by interviewing all motor- 
ists during the traffic count, and eliminating the count of those on 
local trips. Unfortunately, such an origin and destination survey is 
impractical for the present classification study of the entire state road 
system since to serve a valid purpose it would have to be completed 
within a time far too short for a job of such magnitude. 

A practical substitute for complete origin and destination data 
is available in the study of more fundamental statistics. No one can 
reliably predict whether John Doe will drive from Seattle to Spokane 
four times during 1953, but statistical study will disclose how many 
Seattle residents are apt to make such a trip. If this were not so, rail- 
roads and telephone companies would find it difficult to forecast 
their future needs. 

The average Seattle resident is apt to have more reason for visit- 
ing Spokane than Walla Walla because Spokane is larger. He is more 
apt to drive to Spokane than to Austin, Texas, because Spokane is 
nearer. The desire for inter-city transportation increases with the 
sizes of the two towns, and decreases as they become farther apart. 

To find a mathematical expression for the preceding sentence 
requires a weighing of the relative influences of distance and size 
which eludes theoretical analysis. In such cases one must check 
various trial formulas against observed facts. In examining traffic 
counts at various points along a road between two towns there will be 
some point at which the number of passing vehicles reaches a mini- 
mum. It may be assumed that in rural areas the minimum traffic 
count represents, primarily, through-traffic. Among various efforts 
to find a mathematical expression of inter-city travel-desire that 
would check with observed minimum-traffic counts, one formula 
gave an excellent check: 


Fi= VP: P2 
D? Equation (1) 
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where F, is a factor measuring the desire for highway transportation 
between two communities, P; and Ps are the populations of the two 
communities, and D is the distance between them. This equation 
STATE OF WASHINGTON 
intercity ‘Travel Desire Factor 


Seven Representative Cross- state Roads 





} to 10 
t OE pe Plotted Against Minimum AAD 
FIGURE 1 
gave the high correlation coefficient of 0.9 with the low points in 
average annual daily traffic counts on seven representative cross-state 


roads in Washington. The check with the available origin and desti- 
nation data was even better. 
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Figure 1 correlates the values supplied by Equation 1 with an- 
nual average daily traffic records for the seven representative cross- 
state roads shown in Figure 2g. 

However, something more than a prediction of traffic density is 
needed for the evaluation of state interest. If local travel is a local 
responsibility, state interest in travel must be a function of the 
length of the trip. As a first approximation one may assume that 
state interest is directly proportional to the length of the trip. On this 
assumption each trip should be weighted in proportion to its length, 
and this modification of the preceding equation produces an ex- 
pression called the Population Factor: 


F— VP; Pz 


D Equation (2) 


At any specific location along a highway the state interest in personal 
transportation is evaluated by totaling the values given by applying 
Equation (2) to each city on one side of the location in conjunction 
with every city on the other side of the location. Figures 3 and 4 show 
typical computation forms. Figures 5 and 6 compare the population 
factor with recorded traffic densities. Note that the influence of local 
and suburban traffic is minimized in Figure 6. 

Besides its apparent success in depicting the relative density 
of through-traffic between towns, this new procedure has the ad- 
vantages that it is independent of road conditions, and may even be 
used to estimate the need for a non-existent road. 

Figure 7 gives numerical values of the population factor for 
roads in one of the state’s economic areas established by the U. S. 
Census Bureau. Figure 8 is the corresponding flow map for the state 
as a whole. 


Economic Benefits from Highways 


The State’s interest in highways partly reflects the State’s status as an 
official agent for every citizen who wants to use the roads for more 
than local transportation. But the citizen himself is even more con- 
cerned with acquiring the economic status that will permit car 
ownership and the leisure to travel. Because highways contribute to 
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economic development the state is also trustee for the public interest 
in highways from the standpoint of this indirect interest. 


ROUTE B—U.S. 99 



























































Vancouver, B.C. Blaine 3,695 24.03 | 12,270.91 | 121.020 1,500 
Blaine Bellingham 8,695 23.61 | 12,565.95 | 117.618 2,500 
Bellingham Mt. Vernon 8,867 22.66 | 14,297.16 | 114.428 3,500 
Mt. Vernon Everett 8,917 23.05 | 15,063.25 | 110.614 4,600 
Everett Seattle 4,867 53.62 | 21,493.27 | 313.600 | 10,000 
Seattle Tacoma 10,280 | 187.85 | 30,154.18 | 527.254 | 16,500 
Tacoma Olympia 4,847 30.45 | 19,776.26 | 199.119 6,800 
Chehalis 
Olympia + 4,624 24.38 | 16,799.48 | 121.349 3,500 
Centralia 
Chehalis Kelso 
+ 4,567 23.83 | 15,393.47 | 103.740 | 4,300 
Centralia Longview 
Kelso Portland 
+ + 4,773 31.89 | 15,340.01 | 141.157 5,000 
Longview Vancouver 
Ficure 4 


Thus, state interest is involved in providing roads for farm use, 
not for the special benefit of one group of citizens, but because agri- 
cultural development adds to the prosperity of all people in the state. 
It is natural to think of the agricultural use of roads in terms of tons 
of farm product, or in terms of ton-miles of crop haul. While this 
concept could be a defensible viewpoint in considering such techni- 
cal problems as road design in the problem of classification the 
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economic nature of state interest makes it more reasonable to take 
the value of farm products as a measure of the importance of the 
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agricultural road use. Not only the farm to market movement, but 
all the daily personal and commercial road use forming part of the 
crop production effort is reflected in the monetary value of the final 
product. 


It is necessary that the measure of the agricultural use of roads be 





















































go TRAFFIC QUARTERLY 


independent of the annual fluctuation in crop values. A yardstick 
should be a fairly stable thing. Naturally, state and federal agri- 
cultural agencies have studied the relative productivity of the various 
farm areas of the state. From their reports it was possible to set a 
figure on the relative agricultural value of land served by any specific 
piece of road in the state. Such a factor, multiplied by the area tribu- 
tary to a given section of road, becomes an appropriate measure of 
the agricultural importance of the selected section of road, and is 
called the “Agricultural Usage Factor.” 

All roads included in this study have been evaluated in this 
fashion. On the accompanying state map (Figure g) the size of the 
Agricultural Usage Factor for the various highways is shown by the 
width of the band. 

Figure 10 shows numerical values of the Agricultural Usage 
Factor for roads in one of the economic areas of the state. 

No one questions the importance of industrial activity in the 
total economy of the state, but industries are very sporadic in their 
use of highway transportation. Water, rail, and even airport facilities 
are often the dominant factors in the supply of raw material and in 
the non-local distribution of manufactures. 

In Washington the most important industry, forest products, is 
unusual in its dependence upon highway lines of supply. In 1950, 
this single industry provided 44 percent of the manufacturing pay- 
roll (metals and chemicals 33 percent; food products, 14 percent; 
others, 9 percent) and 48 percent of the total value of manufactured 
goods. Logging is the first step in this activity, and it is significant 
that well over half of the cost of log production is a transportation 
charge. 

It is logical here as in the previously considered Agricultural 
Usage Factor, that measurement be made in terms of product value. 
However, in the case of logging the distinction is unimportant since 
here the crop is all of the same general nature and value so that 
measurement in terms of dollars or in board feet would yield an 
identical answer. Thus it is possible to use without modification the 
results of a comprehensive survey of the log haul made in 1948 by 
Gordon D. Marckworth, Dean of Forestry at the University of Wash- 
ington and Bernard Orell, State Forester. 
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FIGURE 9 
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On the basis of information gleaned from federal, state, and 
private organizations they estimated the average logging traffic over 
Washington roads for the next ten years. Their report considers 
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those roads utilized in logging on a sustained yield basis, discounting 
“one shot” operations, and is expressed in millions of board feet per 
year for each section of road involved in permanent logging use. The 
density of this predicted log traffic is called the Logging Factor. It is 
shown numerically for one region in Figure 11, and on a state-wide 
basis in the flow map of Figure 12. 
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The mining and processing of minerals are important among the 
industrial activities of some Washington counties; and they will 
probably be of much greater importance in the future. In 1948, 
aluminum production had a value of $67 million, other metallic 
minerals $11 million, and industrial minerals $39 million. Although 
the total of these figures amounts to approximately one-fifth of the 
value of either farm products or forest products, it is sufficiently large 
to be of vital interest to the state, and there is no comparable activity 
in which the prospect of potential growth deserves greater attention. 

Roads play a vital varying role in the development of mineral 
resources. In many cases their greatest value lies in opening up a 
promising area. The past twenty years have seen construction of 
about sixty mine-to-market roads, mostly short, at a cost of about one 
million dollars. Such projects are naturally speculative, and often do 
not lead to any profitable development. 

Metallic production is usually shipped by rail or water. Sand 
and gravel deposits are so well dispersed about the state that this 
production is usually consumed locally. ‘Thus nonmetallic mineral 
production does not involve great state interest either through inter- 
regional highway use or through the generation of state wealth by 
interstate commerce. On the other hand, smelting and rolling plants, 
like their counterparts in other industries, generate additional popu- 
lation in the urban areas where they are located, and the importance 
of this activity from the standpoint of highway usage is properly 
measured in the Population Factor previously discussed. 

An element of state interest that does require further recognition 
is to be found in the non-urban industrial activity involved in the 
exploitation of natural mineral resources. ‘This fact prompted the 
choice of a Mining Factor based upon mine and quarry payrolls. 
The importance of developing our natural resources led toa decision 
to weight actual payrolls in order to allow for future growth in ac- 
cordance with the best judgment of the various state and federal 
mining officials who were consulted. Figures 13 and 14 demonstrate 
the regional nature of this factor. 

Most trucking use of roads has already been considered on the 
preceding pages. Much trucking represents direct personal service 
and supply. It is reflected in the Population Factor, which also meas- 
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ures the industrial and commercial activity supporting urban popu- 
lations. The Agricultural Usage Factor represents rural traffic, 
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whether car or truck. The Logging Factor and Mining Factor cover 
the major non-urban industrial activities. There remains an im- 
portant link in the chain of distribution—long-distance commercial 
hauling, which deserves special consideration on two counts: 

1. The amount of common carrier highway use varies between 
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FIGURE 14 
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geographical regions with the amount of rail and water competition. 

2. In any region, the use of specific routes is more selective than 
for other types of highway traffic. Inter-city trucking follows certain 
main lines of travel in a rather arbitrary pattern. 

The picture of motor freight transportation in the state involves 
both the routes traveled and the density of freight movement over 
those routes. The Public Service Commission provided a list of 
trucking permits which served to determine the roads used by these 
truckers. For data on quantities of freight it was necessary to turn to 
the operators themselves. ‘The cooperation of this group in the con- 
siderable task of compiling private data on the annual tonnage trans- 
ported over every section of highway used by them deserves more 
than a casual acknowledgment. Because of their help, the report in- 
cludes the geographical distribution of an estimated 75 percent of 
the ton-miles involved in motor freight transportation. The state- 
wide spread of this activity is shown here in Figures 15 and 16. In 
the regional maps the actual annual tonnage is listed as the Motor 
Freight Factor. 

Since the available data represents much less than 100 percent 
coverage it is certain that a number of individual roads have been 
slighted. This is not an important defect with respect to either of the 
two main objectives of the investigation. The coverage is sufficient to 
determine the proper weight to be assigned to regulated motor 
freight operation in compiling a composite measure of state interest. 
When a specific road receives future consideration for addition to 
the state system the truck movement for that road can be obtained 
from local knowledge in greater detail than is possible in this more 
comprehensive survey. 

The Motor Freight Factor is intended to reflect the importance 
of highways in commerce, outside of local distribution. Essentially 
this includes all intercity distribution of goods to retail outlets, but 
not to consumers. The latter service is considered a function of local 
roads and streets. 

The recreational use of roads is of both direct and indirect in- 
terest to residents of the state. They are directly interested in roads 
that take them to parks and beaches and mountain areas. They in- 
directly benefit from the increase in business when good roads give 
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entry to thousands of tourists from other states. Tourist business 
is itself no trivial item. The 1950 expenditure in Washington by out- 
of-state tourists is estimated to have been $123 million, making 
“tourism” one of the four largest income producers in the state, and 
certainly the one most dependent upon good roads. No tourist has to 
come to Washington, and he certainly won’t return if he doesn’t 
enjoy his trip. 

Holiday magazine called Washington “the most beautiful part of 
the United States.”” This abundance of scenic and recreational at- 
tractions cannot be exploited without good roads. And it raises a 
most difficult problem in road classification. There are literally 
thousands of potential recreational sites, and to open up any new 
areas by construction of a new state road inevitably channels the 
flow of tourists to one region instead of to another which may be 
equally desirable. While such discriminatory action is warranted in 
particular cases, it requires a more detailed study than can be in- 
corporated into any general procedure for road classification. 

Moreover, since the road building resources of the state are not 
remotely equal to the task of building all possible recreational roads, 
local interest must predominate in any discriminatory selection of 
routes; state-wide interest requires only that somehow and some- 
where adequate provision be made to attract tourists and to accom- 
modate the recreational desires of our own residents. Under ordinary 
circumstances it seems unavoidable that responsibility for the initial 
promotion of any new recreational area shall fall upon the locality 
which will be directly benefited, and that the responsibility of the 
state must be confined to providing adequate roads for recreational 
travel when and where such travel develops as the result of local 
initiative. 

With these considerations in mind, a Recreation Factor has been 
computed for all sections of highway under investigation. This factor 
is based upon the number of visitors to state and national parks and to 
national forests. In order to discount local travel the factor was 
weighted in favor of those motorists coming longer distances. In the 
case of the ocean beaches, the lack of park attendance records made it 
necessary to estimate the number of summer visitors from the vari- 
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ation between winter and summer traffic counts. Numerical values 
of the Recreation Factor are listed on the regional map of Figure 17, 
while the overall picture for the state appears in Figure 18. 
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The Index of State Interest 


The six components of state highway interest discussed on preceding 
pages are enough to include all important factors that have come to 
light in exhaustive research, in many private conferences, in much 
correspondence, and in twenty public hearings, The important task 
remaining is to combine these six components into one figure that 
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will properly express the eligibility of any section of road for ad- 
mission to an integrated system of state highways. 

Since each of the six factors has only relative value, the problem 
is one of determining the proper weight or scale to be assigned to 
each factor. Ideally, this decision would call for the exercise of super- 
human judgment by any one individual. In such cases the human 
alternative is to use the combined judgment ofa great many qualified 
individuals. Fortunately, the existing system of state highways, in the 
aggregate and with some exceptions, is the product of hundreds of 
decisions by experienced and qualified engineers. It was not any 
known dissatisfaction with the overall pattern of state highways that 
led to the present study. On the contrary this overall pattern has won 
approval from county, state and national authorities. Actually, the 
basic highway pattern was dictated by the topography and popu- 
lation distribution of the state. 

The practical answer to the present problem is to be found by so 
weighting each of the rationally derived factors that their weighted 
totals will identify a system of highways conforming in general to the 
present system. This process gives a yardstick of state interest 
rationally derived, which in its general pattern conforms to the total 
highway engineering experience of the state. 

Before combining the various factors into a composite index it is 
first necessary to reduce the various numbers to a percentile basis. 
Otherwise the process of combination would involve adding such 
diverse units as board feet, dollars and tons. To express in percentage 
a factor for any specific road section, the local value of the factor 
should be divided by its “mean maximum value,” (the average of 
the highest value of that factor to be found on any 100 miles of state 
highway). 

After a series of trial combinations a satisfactory formula evolved. 
Its application to the roads under investigation is best shown graphi- 
cally, as in Figure 19. It will be noted that the Index of State Interest 
is largest on the established main routes of travel and is low on roads 
which would be considered local by most engineers. This Index was 
obtained by multiplying each of the six component factors by its 
appropriate weight: 
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RERUN o 5 s6 ire rial, a) wesc 6 2 Gl 
(a) Population factor 25% 
(b) Agricultural factor 10% 
(c) Recreational factor 5% 
REM, Sakai ss ARS... . fF& 
(a) Population factor 16% 
(b) Agricultural factor 11% 
(c) Logging factor 11% 
(d) Mining factor 5% 
(e) Recreational factor 8% 
(f) Trucking factor 9% 


The Index of State Interest is the yardstick with which the Legis- 
lature can measure the eligibility of any section of road. The values 
of the Index are obtained by inserting data of public record into 
rationally derived formulas. Thus the Index for any road will be the 
same regardless of who is chosen to perform the computations. 

The yardstick will not become outdated, because the Index for 
any road section will change with the supporting data: population, 
industry, commerce, agriculture, recreation. 

The yardstick is not tied to a static highway system. As needs 
require and finances permit, the size of the state system can be 
changed without the least alteration in the Index values themselves. 

Use of the yardstick does not put roads on or off the highway 
system; it measures only their eligibility for consideration. An 
eligible road should be added only if it is economically feasible to 
construct and maintain, if expansion of the system is financially 
possible, and if the road will provide better service under state 
administration. 

The whole concept of highway classification is tied to the adjudi- 
cation of administrative responsibility. Once that has been es- 
tablished, there remains the equal or greater problem of financing, 
as well as many other questions that are bound to come up in the 
administration of any enterprise of this size. Proper classification 
does not solve all highway problems, but by placing first things first 
it contributes to the orderly solution of many problems. 

So far the burden of this research effort has been on the con- 
struction of a yardstick to measure the amount of state-wide interest 
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in any specific section of road. The existence of state-wide interest 
implies a state responsibility to serve that interest. For most through 
routes the responsibility of the state is better discharged by state 
administration of the road than by delegation of authority to other 
political subdivisions. However, there may be short sections of road 
of state-wide importance that can be more economically maintained 
by local agencies. Moreover, even a highly desirable addition to the 
state highway system must have economic justification. The exorbi- 
tant cost of overcoming a mountain or water barrier may necessitate 
the postponement or abandonment of an otherwise attractive 
project. 

The mere existence of a valid yardstick of state interest provides 
no assurance that the best possible location has, in every case, been 
given consideration. It is expedient to establish some generally 
recognized minimum requirements for state highways, in addition to 
a demonstration of state interest, which will assure that the yard- 
stick is being used on the most appropriate routes. Thus, besides 
being important to the people of the state, a state highway must 
satisfy the following requirements: 

1. It shall begin and end at important terminals or junctions. 

2. It shall carry enough through-traffic to make state adminis- 
tration a substantial advantage. Where state interest is aroused only 
by economic benefits from local industry it may be that the general 
welfare will be better served by local road administration. 

g. It shall be the most feasible route for the traffic it is intended 
to serve. 

4. It shall be economically justified by the traffic it serves. 

A road that satisfies these minimum requirements and also has a 
satisfactory value for its Index of State Interest should be part of an 
integrated system of state highways. 














Ohio Turnpike Project No. 1 
THEODORE J. KAUER 


Mr. Kauer is Chief Engineer of the Ohio Turnpike Commission. 
As a civil engineer and highway administrator he has served city, 
county and state governments of Ohio, the United States Civil 
Aeronautics Administration, and private industry for the last 
twenty-eight years. Before taking his present post, he was Ohio Di- 
rector of Highways and member ex-officio of the Commission. He 
is a member of the National Society of Professional Engineers, the 
American Society of Civil Engineers, the American Society for 
Testing Materials, and the American Concrete Institute. 


HE Ohio Turnpike Project No. 1 is planned as a 241.4-mile 

facility, to be built on new right-of-way extending from the 
Pennsylvania State Line through the northern part of the state to 
the Indiana State Line. The turnpike will begin at the Pennsylvania 
State Line with a direct connection to the Pennsylvania Turnpike 
System, and continue in a northwesterly direction passing to the west 
of Youngstown and Warren. There the route turns westward passing 
to the north of Akron, south of Cleveland, north of Elyria and Fre- 
mont and continuing westward passing just south of Toledo. From 
there the route continues westward to the Indiana line where a 
terminal connection will be made to State Route U.S. 20. 

The route of the Ohio Turnpike Project No. 1 passes through 
densely populated areas of the state. Nearly half the state population 
will be within easy reach of the Turnpike. In addition thereto, it is 
located so as to serve the great industrial areas of lower Michigan and 
provide a direct route from the East to Chicago. 


Traveled Roadway 


The highest standard of design, taking full advantage of research and 
experience of other turnpikes, will be incorporated in the Ohio 
Turnpike. Safety and efficiency of traffic flow will thereby be assured. 
Functionally, the design features will include separate directional 
roadways, paved shoulders, grade separations at all crossings, access 
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by interchanges located in accordance with traffic demand, fenced 
adequate right-of-way, adequate landscaping, easy curves, low gra- 
dations, adequate width and sufficiently strong pavement to accom- 
modate great volumes and heavy loads, and provisions for frequent 
service facilities. 

The Ohio Turnpike Project No. 1 is planned to provide four 
twelve-foot lanes, two in each direction. The twenty-four-foot di- 
rectional roadways are considered sufficient to serve high speed traffic 
densities that are anticipated for the facility for many years to come. 

The Turnpike roadways will pass over or under all cross streets, 
highways, and railroads. There will be 334 such separations. The 
frequency of crossroads in the State of Ohio is great, resulting from 
a complete network of roads serving the 139 cities, 760 villages and 
innumerable unincorporated small communities. 

The horizontal alignment of the roadway is designed to accom- 
modate all types of traffic at turnpike speed with safety. All horizontal 
curves will be super-elevated and will not exceed two and one-half 
degrees or approximately 2300 feet radius. No curve will be less than 
1,000 feet in length including transitions. Long tangents that weaken 
many drivers’ alertness will be avoided. All curves along the roadway 
will be separated by no less than 2,500 feet of tangent. Reverse 
curves and compounded curves will be avoided. 

The grade of the roadway is designed so that loaded trucks can 
continue in high gear the entire length of the Ohio Turnpike. This, 
of course, means that passenger car traffic will be able to travel all 
grades with little, if any, retarding action on their operating speed. 
Ascending grades will be held to a maximum of two per cent and 
descending grades to four per cent. The use of steeper down grades 
provides a variation in elevation of the directional roadways, thereby 
adding to relief from driver monotony resulting from constant 
relationship. 

Sight distance at all points along the Turnpike will be as great 
as practical. In no case will the rear end collision sight distance be 
less than goo feet at horizontal curves and at crests of vertical curves. 
The sight distance on the crest of vertical curves will be from the 
height of the driver’s eye (4’ 6”) to an object four inches high on the 
pavement. 
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Too frequently, design for sight distance is used only for hori- 
zontal curves and crests of vertical curves. Another sight distance 
factor, namely headlight rear-end collision sight distance at sags in 
vertical curves, will be used in the Ohio Turnpike roadway design, 
providing a minimum sight distance of 1,000 feet. 


Median Strip 


The design of the median strip is an important element in providing 
an engineering safe facility for high speed turnpike traffic. On the 
Ohio Turnpike the median strip will be a depressed mall of fifty-six 
feet minimum width, consisting of forty feet of planted center 
mall and two eight-foot shoulders. The side slopes of the center 
planted mall will normally be four to one (4:1) with a maximum of 
two to one (2:1) on side hill sections where the directional roadways 
are at different elevations, in which cases guard rail will be provided. 

The wide depressed median strip will minimize the effects of 
headlight glare, reduce the frequency of out-of-control vehicles cross- 
ing to the opposite direction roadway, provide greater restriction to 
unauthorized U-turns, and reduce driver fatigue resulting from 
nearness to opposite direction high speed traffic. 

The median strip is designed as a drainage device for the runoff 
of water from the roadway, thereby providing better surface drain- 
age as well as lowering the ground water level below the elevation 
of the sub-grade material. During seasons of freezing and thawing, 
particularly when snow is piled along the sides of the roadways, the 
drainage system will do much to eliminate the hazard of ice-forming 
in spots or sections on the traveled roadway. 


Roadway Shoulders 


The twenty-four-foot directional roadways will be flanked with a 
ten-foot paved shoulder on the right side and an eight-foot paved 
shoulder on the left side. The ten-foot paved shoulder will provide 
space for vehicles that may be required to stop for emergency, to do 
so clear of the traveled lanes without creating an obstruction or 
hazard. The eight-foot paved shoulder on the left side, next to the 
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passing lane, will provide a refuge lane for vehicles which may be 
crowded off the traveled roadway while attempting to overtake and 
pass slower vehicles. 

Providing paved shoulders on both sides of the directional road- 
ways offers excellent road-edge delineation in color contrast and 
pavement texture. It allows greater use of the traveled lane widths 
by eliminating the driver fear of dropping off the edge of the pave- 
ment into a rut, frequently resulting in throwing a vehicle out of 
control. 

The shoulders are to be paved with a bituminous surface placed 
on a stabilized basis and selected sub-grade materials. This will 
assure a durable shoulder requiring little attention in maintenance 
operations. 


Interchanges 


Interchange of traffic for exit and entrance between the Turnpike 
and the public highway system will be provided at fifteen inter- 
mediate locations. 

Each location was carefully selected to best serve the potential 
users and to provide relief for the greatly congested local roads. An 
origin and destination survey was set up, providing a total of fifty- 
eight stations on eight north and south screen lines crossing all 
principal east and west state routes in the northern part of the state, 
extending from the Pennsylvania State Line to the Indiana State 
Line. 

The interview method was employed; traffic halted; drivers 
questioned as to origin, destination and purpose of trip, and the 
types of vehicles recorded. In addition to this, manual counts and 
automatic counts were made during the periods of the survey for 
projecting the data to the annual average daily traffic conditions. 
This study provided basic data for determining location of project 
and location for intermediate interchanges. 

Additional data were obtained from traffic studies made by the 
Ohio Department of Highways for special expressway projects and 
for annual traffic checks which have been carried on for the last 
seventeen years. 

The needed interchanges were determined and final selection as 
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to specific location was adjusted to fit the existing highway system or 
the proposed future highway system as may be planned by the re- 
sponsible level of government. 

The extensive network of highways in Ohio added to the com- 
plexity of selecting interchange locations. Occasionally situations 
existed where either of several local routes could serve the potential 
users of the Turnpike. In such cases, the interchange location was 
selected on the basis of the best local highway either based upon 
existing conditions or proposed future conditions. Coordination and 
close working relationship with not only state government but also 
local regional planning commissions and county authorities were 
necessary. 

Present selection for interchanges are at State Route 7, S.R. 18, 
S.R. 5, S.R. 14, S.R. 8 (relocated), S.R.U.S. 21, S.R.U.S. 42, S.R. 10, 
S.R. 57 (relocated), S.R.U.S. 250, S.R. 53, S.R. 120 (relocated), 
S.R.U.S. 20, S.R. 108 and S.R. 15. These are all principal state high- 
ways connecting numerous cities and villages. ‘They serve great 
industrial, commercial and agricultural regions and recreational 
areas along Lake Erie. 

Entrance to the Turnpike from state highways will be accom- 
plished through a system of turnouts, grade separations, ramps and 
plazas—termed an interchange, designed to permit a continuous 
flow except at toll booths. Exits from the Turnpike to the state high- 
way will be made through the same facility. 

Grade separation structures will be provided for interchange 
roadways at all access state highways except at S.R. 15. Presently 
estimated traffic volumes on that route do not show justification for 
separating the interchange roadway. Connection will be made at 
grade and the left turn movement from S.R. 15 will have the provi- 
sions of left turn lane. 

The interchange design provides entrance to the Turnpike by 
means of acceleration lanes and exit by means of deceleration 
lanes. Ramps leading from deceleration lanes will be designed to 
provide a gradual speed reduction by means of transitions and 
curves of decreasing radii. Likewise ramps leading to acceleration 
lanes will provide speed increases. The minimum design speed on 
the interchange will be approximately twenty-five miles an hour. 
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Two-way ramps on the interchanges will be separated by a raised 
median strip of two-foot minimum width. It is designed so it could 
be crossed for emergency reasons but not readily crossed at normal 
driving speeds. Ten-foot paved shoulders will be provided on the 
right side of all two-way ramps. One-way ramps on the interchanges 
will have a basic pavement width of twelve feet with additional 
widening on all curves and structures. One-way ramps will be pro- 
vided with a four-foot wide paved shoulder on the left and a ten-foot 
paved shoulder on the right which will provide the same safety 
features as on the through-turnpike roadways. 

The deceleration lanes on the Turnpike will be no less than 
1,050 feet long with the greater percent of this distance a full twelve- 
foot lane. The lane design will provide easy exit under various 
traffic conditions to fit the habits of a wide range of drivers. A 
tapered beginning section will be provided to accommodate the 
drivers who like to make gradual lateral shifts, while the long full 
width section will fit the habits of those who like to make quick 
lateral shifts and yet have sufficient distance to decelerate before en- 
tering the curved sections of the interchange. 

Long, 1,200-foot acceleration lanes with 750 feet of full twelve- 
foot pavement width and 450-foot tapered end will be provided. 
This design allows a driver to cruise at reasonable speed and select 
adequate gaps in the traffic stream for making entrance. The tapered 
end section allows a higher merging speed, of particular value when 
the gaps in the traffic stream are great during low volume periods. 


Toll Plaza 


At the fifteen intermediate interchanges, toll plazas will be placed 
on the roadway between the connection to the state highway and the 
interchange on the Turnpike. The design will provide a collection 
system that is rapid in operation, requires least effort on the part of 
the patrons and leaves no doubt as to the disposition of the toll. Two 
or more toll booths will be provided at each interchange so designed 
that both directions of traffic can be served from one booth during 
low volume periods. 

Terminal toll plazas will be constructed near the Indiana State 
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Line and the Pennsylvania State Line. Five toll booths for six traffic 
lanes will be arranged across the Turnpike proper by terminating 
the median strip and paving the entire approach area. The toll 
booths for each lane of traffic will be placed so that all collections 
may be made from the left side of the vehicle. The arrangement is 
such that all outer lanes may be closed during the low volume 
periods and all traffic handled by one man in the center booth. 

The toll plaza design will provide an adequate number of lanes 
and reversible use of lanes to accommodate the patrons with little in- 
convenience or delay. 


Service Areas 


Provisions for service stations and restaurant sites will be made 
along the Turnpike. The service areas will be located in pairs to 
serve directional traffic at one point rather than using a staggered 
system. Considerable operational advantages are to be gained in the 
dual system in addition to the traffic safety features. Dual installa- 
tions will eliminate the temptation for pedestrians to cross the Turn- 
pike and for motorists to make U-turns. 

Functionally, the service area layout provides for acceleration 
and deceleration lanes of similar design to those serving the inter- 
changes, separate facilities for restaurants and vehicle servicing, ade- 
quate and convenient parking for patrons, convenient access to 
public highway for deliveries and employees and a roadway layout 
providing flow of traffic without interference with the services. On 
the Ohio Turnpike they will be set back from the Turnpike proper 
so as to cause little interference or distraction for through-traffic. 

Sixteen service area sites have been planned along the Turnpike. 
The distance between sites is variable but with proper relationship 
to interchange locations. The maximum distance between selected 
sites is approximately twenty-five miles and the minimum is eleven 
miles. 


Maintenance Buildings 


Eight sites for Turnpike maintenance facilities have been selected 
along the Turnpike at an average spacing of thirty miles. Buildings 
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will be designed to accommodate the requirements of a 30-mile 
section. 

Functionally the maintenance area and buildings will be sized to 
accommodate storage and repair of motorized equipment, parking 
space, material storage area, driveways, access to public highways for 
deliveries and employees, and office facilities for necessary super- 
vision and services. 


Estimates of Traffic 


The estimates of traffic for the Ohio Turnpike were derived from 
a comprehensive study by an engineering firm in New York. A 
thorough analysis was made of the present traffic on the public high- 
ways within the project area. The annual increase of traffic, as 
determined by traffic studies made by the Ohio Department of High- 
ways for many years, was carefully analyzed. Present traffic generat- 
ing characteristics of the project area and possible future generating 
characteristics were taken into consideration. The rate of increase 
in gasoline consumption, motor vehicle registration and popula- 
tion growth were likewise considerations in the estimated traffic. 

Analysis of these factors and the assumption that the national 
economy as a whole will continue into the future as it has over the 
last five years combined to provide the basis on which the traffic 
estimates for the Ohio Turnpike project were made. 

The origin and destination survey technique was used in meas- 
uring the present traffic and traffic potentialities of the Turnpike. 
The surveys were conducted during the years 1946 to 1948 and re- 
checked in 1951. Survey stations were located so that all traffic of 
interest, and which possibly may use any portion of the Turnpike, 
would be screened. 

The surveys were made on different days of the week and in 
various months of the year. The results obtained were representative 
of average year-round traffic conditions. 182,823 vehicles passed 
through the survey stations during the period of operation. Informa- 
tion was developed on 141,332 passenger cars and 41,491 commer- 
cial vehicle movements. 

The data of traffic volume counts made for many years by the 
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Ohio Department of Highways present a clear picture of increased 
highway usage in the last decade. Since 1925, the rural state highway 
traflic volume has quadrupled. In 1950 traffic was found to be more 
than 35 percent above the volumes recorded in 1941, the pre-war 
peak year. Traffic volumes showed a decrease during the war years 
and for the last five years traffic on the principal state highways has 
shown an increase. 

Gasoline consumption and motor vehicle registration are a 
valuable index in measuring motor vehicle usage. Analysis of these 
figures establishes a very definite upward trend. Consumption of 
gasoline in Ohio has increased approximately 50 percent from 1941- 
1951. Motor vehicle registration increased about 39 percent for the 
same decade. Significant in the analysis of registration was the re- 
vealing fact that commercial vehicle registration increased nearly 
80 percent while passenger car registration increased about 38 
percent. 

All the data on traffic density, gasoline consumption, motor 
vehicle registration and vehicular miles of travel when analyzed in- 
dicated a very definite upward trend. Survey information showed 
that the increase in various classes of vehicle travel from 1948 to 1951 
on the principal east and west state highways was as follows: 
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These factors were used to expand the completely analyzed 1946- 
1948 data to 1951 traffic levels for the Ohio Turnpike. 

Traffic analysis as of 1948 showed a total of 13,607 vehicles con- 
sisting of 8,849 passenger cars and 4,758 commercial vehicles would 
have daily used the Ohio Turnpike. The 1951 average daily vehicle 
trips on the Turnpike on the basis of the expansion factors would be 
18,966, consisting of 10,973 passenger cars and 7,993 commercial 
vehicles. 

The Ohio background of traffic information for a period of over 
twenty-five years indicates an average annual rate increase of ap- 
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proximately five percent. The increase in postwar years was ap- 
proximately eight percent. The 1951 traffic volumes were used as 
the base for projections to the first year of operation of the Ohio 
Turnpike. The year 1955, is set as the first year of complete opera- 
tion and expansion factors have been applied as follows: 


Compounded 
Factors 
£958 1953 1954 1955 1952-1955 
Passenger cars 1.05 1.04 1.04 1,19 1.35 
Heavy trucks 1.08 1.06 1.05, 1.04 1.25 
Medium trucks 1,02 1,02 1.02 1.01 1.07 
Light trucks 1.05, 1.04 1.04 1.03 1.17 
Buses 1.02 1.02 1.02 1.01 1.07 


The opening of a new highway tends to attract volumes which 
previously did not exist. This is known as “facility increase.” A 
facility increase of 15 percent was applied to the passenger car factor 
for the first year of full operation beginning July 1, 1955. A facility 
increase factor was not applied to commercial traffic. Commercial 
traffic usually operates on franchises and therefore has little or no 
facility increase the first year but does show a facility increase in 
subsequent years. 

The estimated daily usage of the Ohio Turnpike for the first year 
of full operation is 2,095,400 vehicle miles of travel, equivalent to 
an average daily volume of 8,680 vehicles throughout the entire 
facility. Approximately 22 percent or 1,900 vehicles will travel the 
entire length of the facility. 764,808,600 vehicle miles of travel are 
estimated for the first full year of operation. 

Approximately 55.6 percent of the traffic will be passenger cars 
and 44.4 percent commercial vehicles. The commercial vehicles will 
consist of 81 percent heavy trucks, 85, percent medium trucks, 7.8 
percent light trucks and 2.7 percent buses. 

All estimated volumes for the Ohio Turnpike set forth herein 
are believed to be on the conservative side. In determining justifica- 
tion for a toll facility the factor of “sales resistance” must be given 
considerable weight as influenced by the competitive aspects of free 
roads. Almost a 63 percent reduction was made in consideration of 
the influence of the competitive free routes. Conditions prevailing 
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on the competitive free routes will be quickly observed by motorists 
once the Turnpike is opened to traffic. They will quickly ascertain 
the time savings as well as the dollar savings by using the Turnpike. 
Average daily volumes on the Turnpike will go up as driver sales re- 
sistance decreases. 


Estimates of Gross Revenues 


The toll charges proposed for the Ohio Turnpike when applied to 
the anticipated traffic using the Turnpike in its first full year of 
operation (1955), provided the estimated toll revenues. In addition 
to the toll earnings, the Ohio Turnpike can be expected to receive 
income from permits, leases and concessions for restaurants and 
service station facilities. It is estimated that this source of revenue 
will annually amount to approximately 7 percent of the toll revenue. 

The following tabulation shows the estimated gross revenue for 
Ohio Turnpike Project No, 1 over the first ten-year period of opera- 
tion. The revenues of the first year have been projected at a rate 
which includes a conservative allowance for continuing facility in- 
crease and normal traffic growth. Following the year ending July 1, 
1956, the estimate for that year is to be used for computing revenues 
thereafter. 


Year ending July z Total Revenue Percent increase 
1956 20,576,300 _ 
1957 22,222,400 8 
1958 24,000,200 8 
1959 25,680,200 7 
1960 27,477,800 7 
1961 29,126,500 6 
1962 30,582,800 5 
1963 $2,112,000 5 
1964 83>717,600 5 
1965 35»403,400 5 

Financing Program 


The financing program for Ohio Turnpike Project No. 1 had its in- 
ception on January 3, 1950 when representatives of a syndicate 
which had been formed with the view of participation in the financ- 
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ing of the Turnpike offered the services of approximately 160 lead- 
ing dealers in investment revenue bonds. 

Four months earlier the Ohio Turnpike Commission had come 
into being in compliance with the Ohio Turnpike Act passed by the 
g8th General Assembly early in 1949. 

The Commission on July 24, 1951, accepted the proposal of the 
banking group to act as Financial Advisor and to assist the Commis- 
sion in working out the details of a program under which bonds for 
the construction of the Turnpike might be issued. 

During this period, the Commission was exploring other pos- 
sible avenues of financing. Inquiries were made of major insurance 
companies to ascertain what interest each might have in participat- 
ing in a commitment to underwrite the cost of the project under 
which bonds might be issued and bought as required. Responses 
made it clear that the larger insurance companies had no interest at 
that time in making substantial commitments for the purchase of 
turnpike revenue bonds. 

Shortly after Governor Lausche, on November 1, 1951, had 
announced his approval of the location for Ohio Turnpike Project 
No. 1, the Commission conferred with representatives of the Finan- 
cial Advisor with a view to proceeding with necessary arrangements 
for financing. 

Subsequently, the Commission was advised of the considered 
judgment of investment bankers and their counsel that Section 8 
of the Turnpike Act which provided for the appropriation of prop- 
erty was deficient in that the Commission might be subjected to 
interminable and expensive delay in acquiring possession of the 
necessary rights-of-way. 

Representatives of the financial advisor believed that this de- 
fect made the sale of revenue bonds impossible and advised the Com- 
mission that were it not for this deficiency they believed that the 
issue could be successfully underwritten. 

Governor Lausche called a special session of the General As- 
sembly which, on December 12, 1951, enacted an amendment to the 
Turnpike Act which eliminated the barrier to financing and con- 
structing the project. Briefly, the amendment makes it possible for 
the Commission to take possession of land as soon as a jury has set a 
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value on the land taken and damage to the residue and the Commis- 
sion has paid the amount assessed or deposited it with the court. The 
property owner or the Commission may appeal the amount to a 
higher court but “‘the right to take and use the property condemned 
shall not be affected by such review.” 

One additional major barrier to financing was raised in March, 
1952, when a property owner in Maumee, Ohio, a suburb of Toledo, 
filed a taxpayer’s suit challenging the constitutionality of the Turn- 
pike Act. ‘The banking syndicate, now made up of 411 members in- 
cluding 65 Ohio firms, on June 3, 1952, made a formal offer to pur- 
chase $326,000,000 of State of Ohio 3% percent Turnpike Revenue 
Bonds, Project No. 1, but the shadow of the unsettled question of 
constitutionality prevented the purchase from being consummated 
until the question had been submitted to the Supreme Court of 
Ohio. 

That Court on July 9, 1952, upheld the constitutionality of the 
Turnpike Act on the many issues raised in a mandamus action 
brought by the Commission to compel its secretary-treasurer to at- 
test the signatures of the Commission’s Chairman and Vice-Chair- 
man on the bonds and attach the Commission’s seal to the bonds. 

On July 29, 1952, the Commission in New York received the 
check for $319,882,972.22 representing the face amount of the 
bonds less the bond discount of $24 per $1,000 bond and plus ac- 
crued interest from June 1, 1952. 

The bonds are not a general obligation of the Commission or the 
State of Ohio; nor are the faith and credit or the taxing power of 
their payment. 

Principal and interest and any premium required for retirement 
of the bonds are payable solely from tolls and other revenues de- 
rived from the ownership and operation of the Turnpike. The Trust 
Agreement provides for the issuance of such additional bonds as 
may be necessary to provide additional funds for paying any balance 
of the cost of the Turnpike. 

The forty-year bonds are due June 1, 1992 but may be redeemed 
on thirty-days notice in whole on any date not earlier than June 1, 
1959, and in part, by lot, on any interest payment date not earlier 
than June 1, 1956. 
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The Ohio National Bank of Columbus was appointed Trustee 
and the National City Bank of New York Co-Trustee. 

Reinvestment of unencumbered funds of the Commission dur- 
ing the construction period is expected to earn at least $6,700,000 in 
interest. Construction costs of Ohio Turnpike Project No. 1 have 
been estimated by consulting engineers of Baltimore to be as 
follows: 


Preliminary expenses 600,000 
Cost of right-of-way 11,223,000 
Construction cost 222,213,638 
Cost of utility adjustments 2,179,000 
Cost of engineering 18,889,000 
Legal and administrative expenses g00,000 
Cost of initial maintenance 
Equipment and supplies 1,600,000 
Contingencies 25,760,362 
Total $283,35,6,000 


Following the completion of the financial arrangements, The Ohio 
Turnpike Commission’ established offices in Columbus, Ohio on 
August 1, 1952, and operations were begun immediately. Contract- 
ing engineers were employed to make field surveys and prepare the 
design plans under the direct supervision of the Consulting Engi- 
neers. Bids on the first construction project—the substructure of the 
Cuyahoga River Bridge, were opened on October 15, 1952. 

The design-construction schedule provides for award of con- 
struction contracts for the entire Turnpike by August 1, 1953. 

Completion of the first section from a connection with the west- 
ern terminus of the Pennsylvania Turnpike to State Route 18 west 
of Youngstown is scheduled for late in 1953. 

Completion of the entire Turnpike is scheduled by June, 1955. 

1 Members of the Ohio Turnpike Commission are James W. Shocknessy of Columbus, 

chairman; O. L. Teagarden of Oak Harbor, vice chairman; A. J. Allen of Cincinnati, secre- 


tary-treasurer; J. Gordon McKay of Cleveland and Ohio Highway Director Samuel O. 
Linzell, ex-officio. 














Comments on the Ohio Turnpike 


On the occasion of the sale of $326 million of Ohio 314 percent Turnpike 
Revenue Bonds, Project No. 1, Gov. Frank J. Lausche of Ohio declared: 


“Early completion of the Ohio Turnpike will contribute substantially 
to the solution of the highway problems of our State.” 


On July 30, 1952, the Cleveland Plain Dealer declared editorially: “Be- 
cause of an archaic, inequitable set of highway laws, because of inade- 
quate revenues and rising costs, Ohio has been retrogressing for a decade 
or more in its ability to provide roads adequate to the demands upon 
them. But yesterday morning Ohio finally achieved the means to carry 
forward one enormous highway project, the biggest single one of its 
kind yet to be planned, a project of the scope required by the present 
day volume and importance of the state’s highway traffic. 

“That achievement took the form of the delivery to Chairman James 
W. Shocknessy of the Ohio Turnpike Commission of a check for 
$319,882,972.22 with which to build a 241-mile superhighway entirely 
across northern Ohio. The turnpike must not be regarded as a facility 
that will be wholly for the convenience of private motorists and truckers 
desiring swift, unimpeded passage across the state. No, the great value 
of the turnpike will lie in its ability to draw on to its divided, limited- 
access roadways a considerable part of the trans-state traffic that is now 
choking the cities through which run the principal east-west public 
roads of northern Ohio. 

“The turnpike, we are sure, will bring important congestion relief 
for those cities lying on each side of the superhighway that are suffering 
the strangulation effects, economically, of the traffic crawling through 
them. 

“The historic achievement by the turnpike commissioners should 
provide incentive and inspiration for a complementary development of 
Ohio's public highways. We believe that it will.” 
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The Largest Underground Garage 
STILES O. CLEMENTS 


Mr. Clements has practiced architecture for thirty-seven years, 
in residential, commercial and industrial building—a significant 
part of the construction in Southern California, in addition to 
considerable out-of-state work. He is a member of the Field Act 
Advisory Board which deals with earthquake design relative to 
public schools and is a former officer of the Los Angeles County 
Regional Planning Commission. 


N NUMEROUS American cities, retail stores and office build- 
ings have become concentrated in congested central business 
districts. The rapid increase in privately owned automobiles and 
their use for business and shopping has resulted in a serious problem 
for municipal planning and management. Scarcity of parking facili- 
ties causes not only public inconvenience but loss of downtown busi- 
ness volume and declining taxable property values. 

In Los Angeles a three-level underground parking and service 
facility, known as City Park Garage, has been constructed and re- 
cently dedicated. Beneath a remodeled park surface, two thousand 
cars will be parked simultaneously. It is anticipated that ultimately 
from six to seven thousand cars will be parked daily. While not pri- 
marily designed as a bomb shelter, this reinforced concrete structure 
would provide, in addition to automobile storage, opportune pro- 
tection in an emergency. 


Development and Financial Background 


The property known as Pershing Square with its surrounding street 
areas belongs to the City of Los Angeles, and with the exception of 
the California Indians and King of Spain, it has never belonged to 
anyone else. It should be noted, however, that this property was not 
a park in the technical sense nor has it ever been so dedicated. While 
most attorneys agree that the city, through the Park Department, 
probably had full authority to lease the underground rights in the 
park for garage purposes, it was deemed necessary to obtain more 
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specific authority from the people of the city. In 1947 a charter 
amendment with inference or direct statement of intent to lease the 
subsurface of Pershing Square for garage purposes, was carried by a 
two to one vote. 

The carrying of the amendment climaxed futile attempts in 
1928, 1931 and 1932 to bring about construction of a garage under 
Pershing Square. None of these attempts, it seems, were able to get at 
the core of the matter which was the working out of a definite plan 
under which the city would either build and operate such a garage 
or would lease the property to private enterprise for such construc- 
tion and operation. 

Activities that culminated in the present lease were started in 
1945- During the next two years intensive study was conducted to 
determine the desirability of location, economic and engineering 
feasibility of this and other parking projects. In mid-1946, it became 
apparent that the Pershing Square Project was the most important 
and most feasible of all parking projects studied and full authority 
was given to proceed with the preparation of a proposal for the con- 
struction and operation of the garage. 

In 1949 when the project was first advertised, financial backing 
by private enterprise was so lacking that no bids were received. An 
extension of time to the original call for bids plus a second call and 
extension produced a single bid from City Park Garage Inc., a joint 
venture organized by the syndicate of Morrison-K nudsen Company, 
Ford J. Twaits Company, Inc., and Stiles Clements, Associated Ar- 
chitects and Engineers, who have associated other nationally promi- 
nent companies in the project as occasion required. 

The design (coordinated with the recommendations of local 
regulatory agencies) construction, financing and operation were un- 
dertaken by City Park Garage, Inc., through a leasehold which pro- 
vides for the retention of title to the garage as well as the site by the 
City of Los Angeles which leases the site for the purpose of construc- 
tion and operation to City Park Garage, Inc., for a period sufficient 
to amortize the investment. An agreed rental plus taxes, where none 
existed previously, is paid to the city annually by the operating com- 
pany during a fifty-year lease. At the end of such lease the structure 
will be returned to the city park department who thereafter will 
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have the option of operating it or leasing it for operation on behalf 
of the city. 

City Park Garage was financed entirely by private capital, no 
portion being provided by the city or any other government agency. 
Direct financing was accomplished by a first mortgage loan from the 
Equitable Life Assurance Society; a second debenture mortgage 
bond sale to local business interests in the amount of $250,000; and 
the purchase of common stock by the City Park Garage Syndicate. 

Although private financing plans were used for the development 
of the Pershing Square Project, financing plans for other similar 
projects may be modified to fit local conditions and may utilize pri- 
vate capital, public funds, or a combination of both. 


Garage Circulation Relative to Street Traffic 


As has been previously mentioned, Pershing Square Garage, three 
floors of parking below a street level park sutface, is situated in the 
heart of the downtown Los Angeles business center and occupies one 
full block measuring 356 feet in the east-west direction and 594 feet 
north and south. It is bounded on the north by 5th Street, a one-way 
thoroughfare west bound; on the west by Olive Street which carries 
two-way traffic in the north-south direction; on the south by 6th 
Street, one-way east bound and on the east by Hill Street, a second 
two-way street in the north-south direction. 

The operation of other off-street parking structures has been 
seriously impaired because of failure to recognize the importance 
of garage traffic circulation relative to street traffic. In the Pershing 
Square Garage the basic design concept is rapid turnover with fast 
and easy access (as witnessed by the seemingly generous allocation 
of entrance and exit ramps). Because the garage is serviced by four 
streets, all of which connect directly or nearly so with the planned 
freeway system, the problem of interference with existing street 
traffic, both pedestrian and vehicular, required special consideration. 

Entrance from and departure to each of the four bounding 
streets have been achieved by the employment of four sets of ver- 
tically crossed twin ramps running parallel to each of the four streets 
for essentially the entire length thereof. The flow of traffic in and 
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out of the garage is initially speeded by a planned safety device that 
places the surface walks parallel to the street and ramps, on the park 
side of the ramps, so as to permit a graded separation of all pedes- 
trian and vehicular garage traffic. 

This parallel alignment of ramps, in addition to facilitating ar- 
rivals and departures in any or all of the four cardinal directions, 
further expedites the movement of all traffic by not only affording 
ample back-up reservoirs off the busy feeder streets, but also by 
forcing all vehicular traffic in and out of the garage to move in line 
with existing street traffic. This reduces the amount of interference 
with street traffic and eliminates the usual consequences of dumping 
traffic onto the streets at right angles to the direction of flow. 

The efficiency of the twin ramp system, specifically designed for 
coordination with the recommendations of the various local and 
state offices of traffic engineering and planning relative to current 
and anticipated traffic patterns, is by no means contingent upon a 
fixed traffic pattern. Reasonable modifications to the current traffic 
pattern, consistent with the general traffic plan for the greater Los 
Angeles area, of which the freeways now under construction are a 
part, will develop no serious ramifications with respect to accessi- 
bility and operation of the facility. This is true because of adherence 
to several distinct fundamentals: 

First, as mentioned above, ample back-up reservoir for waiting 
patrons has been provided off street; second, entrance and exit ramp 
locations are based on the normal right hand two-way street traffic 
and then adjusted to one-way traffic in either direction, permitting 
future changes of the direction of traffic without making the ramps 
inaccessible; third, both the total capacity of the facility and the 
locations of arrival and discharge areas at the curb have been ad- 
justed not only to economic and physical limitations but also to 
limitations imposed by functional or operational standards, only 
one of which is the capacity traffic volumes of the lifelines of the 
garage—the neighboring downtown streets. 

With referen::e to arrival and discharge areas at the curb, it will 
be noted that the latter was placed downstream as far removed from 
street intersections as was physically possible. This relationship of 
such areas eliminated both the crossing and merging of garage traffic 
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at the curb and in addition minimized the stoppage of arriving and 
departing vehicles by street traffic waiting at the signals. 

In confirming the workability of the projected go000-car garage, 
it was established by local traffic engineers that each of the four ad- 
joining streets will facilitate the dispatch of ten vehicles of existing 
traffic per lane per minute, or a total of 20 a minute based on a 
minimum of two lanes of traffic in each direction. Using the four 
adjoining streets a total of eighty a minute will be dispatched. It 
was further established that the four streets involved will handle as 
a minimum, an additional fourteen vehicles a minute of garage 
traffic or a total of 840 an hour. Since it has been shown by national 
survey that the maximum actual turnover during a peak period, 
which in the case of Pershing Square occurs between 4:45 and 5:45 
P.M., approximates 40 percent of the total capacity, one need but 
multiply by 2.5 (the allowable additional street volume (840) in this 
instance) to arrive at a workable garage capacity. 

It has been demonstrated by actual test conducted under actual 
traffic conditions that the garage is capable of discharging vehicles 
at the rate of sixty per minute total. Since similar conditions control 
the rate of arrival, the planned speed of service along with freedom 
from traffic congestion adjacent to the facility has become a reality. 


Design 

The garage, a reinforced concrete structure of flat slab design with 
column spacing of twenty-seven feet in both directions, has a poten- 
tial storage capacity in excess of 2000 vehicles. Three subterranean 
levels comprise a total of approximately 630,000 square feet of area 
devoted, in addition to automobile storage and allied sales and serv- 
ices, to lighting, sanitation and ventilation facilities adequate to 
serve all foreseeable needs. The vertical transportation of pedes- 
trians was provided for by the use of electric stairways which operate 
between and including the park surface and the third sub-level. 

Six helical closed core ramps are used to facilitate the vertical 
circulation of garage traffic. Prior to their incorporation into the 


final design, however, a full scale earth model of predetermined 
specifications was constructed and test driven in the field to de- 
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termine rather precisely the extent of their maneuverability. The 
model served further as an aid in confirming decisions reached re- 
garding the dimensioning of such elements as inner core and outer 
curb wall diameters, superelevation of the outer curb relative to the 
inner core curb, variation of grade and clear width of ramps. The 
physical disposition of these ramps throughout the garage is some- 
what unique; however, their effect upon the operation of the garage 
is consistent with the basic design concept of rapid and easy access. 

Each of the six ramps which spiral through the garage from the 
lowermost level to the surface, was placed along the perimeter of 
the structure for the seemingly primary purpose of rendering them 
readily accessible with respect to the termini of the parallel surface 
ramps. This unorthodox peripheral ramp disposition, one may ar- 
gue, precludes a central collection area and consequently results in 
the loss of a central control station. However, since the basic design 
concept is rapid service and easy access, a central control station 
through which six to seven thousand vehicles ultimately must file 
daily, becomes a bottleneck which of necessity must be precluded. 

Primarily then, the ramps were so located as to permit all verti- 
cally moving traffic both incoming and outgoing to pass through the 
various levels at isolated peripheral locations without interference 
to the movement of horizontal traffic relative to the individual levels. 
By accomplishing a segregation of vertical and horizontal traffic, 
each level is thereby made a separate and independent entity and 
operated as such with its own central control stations and three 
points of ingress and three points of egress in the case of the upper- 
most level. 


Operation and Management 


After reaching one of the four surface entrance ramps, the motorist 
is directed to either the first, second or third level each of which is 
divided into north and south halves with each of these six halves 
operating similarly to a typical surface parking lot. Upon arriving 
at the receiving point of a particular half-level to which he has been 
directed, the patron leaves his automobile in the care of an attendant 
and uses the electric stairway to the street level. Upon returning to 
the garage to obtain his automobile, he is guided to the proper level 
and delivery point by the color of his parking ticket. 
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Since it has been pointed out that sufficient off-street surface 
driveway space has been provided to avoid the necessity of circling 
the block or lining up in the streets while waiting to enter the ga- 
rage, similarly then, through the unique employment of helical 
ramps, waiting, for the purpose of parking on the lower levels, was 
eliminated. For, having once reached a surface ramp, the motorist 
is guided by means of a controlled system of signs directly to the 
receipt station of the level upon which his automobile is to be 
parked. 

In attempting to develop a system of controls with which to or- 
ganize the arrival, storage and departure of so large a number of 
vehicles, it was found expedient to resort to the operation of the 
facility as three completely separate and individual levels. In further 
developing this three-level concept, the greater portion of the lower 
level was devoted to monthly parking which by its very nature pre- 
sented the least amount of vertical traffic during the interval be- 
tween peak periods. The remainder of the third sub-level plus the 
two upper levels, then, were reserved for the vast majority of tran- 
sient parking. 

By dividing each of the three levels into a north and south lot 
and creating in effect six parking lots each with its own central con- 
trol, additional speed of service was accomplished. Initially this is 
true because the provision of six receipt and delivery points reduces 
to a minimum the distance traveled by the attendant, and conse- 
quently the period of time the patron must wait for the return of his 
automobile. 

Over and above the reduction of waiting time, a sense of organi- 
zation is created in the mind of the patron, which along with the 
aid of colored parking tickets, is instrumental in guiding the patron 
back to the level and station at which his automobile will be de- 
livered to him. To further expedite service, a white striped pedes- 
trian safety zone, which runs longitudinally on each level between 
the centrally located escalators and the north and south control 
stations, has been provided as an additional aid in guiding the pe- 
destrian patron back to the point of delivery of his vehicle. 

Within each of the six “parking lots” the consistent two direc- 
tional twenty-seven feet spacing of twenty-six inches-thick columns 
nets a clear bay into which are fitted six stalls, three abreast and 
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two deep each measuring eight feet three inches in width and 
eighteen feet in depth respectively. This arrangement of stalls pro- 
vides for the parking of two lines of cars plus one eighteen foot 
aisle width that makes it possible to store additional vehicles in 
excess of the rated stall capacity. For operating truly as a surface 
lot, an additional 10 percent are parked, as occasion requires, 
bumper to bumper on twenty-two feet six inches centers down one 
side of the aisle permitting, also, passage on the remainder of the 
aisle width. 

Since each of the tranverse aisles originates and terminates at 
regular intervals along a circumferential service aisle, a system of 
one-way traffic flow has been set up to minimize the crossing of 
intra-lot traffic. In order to minimize inter-lot traffic, fuel pumps 
have been provided on each of the six lots. 

The operation of this six lot subterranean parking facility, which 
is parking between 3,000 and 4,600 vehicles a day, is being carried 
out by an operational staff of approximately sixty attendants plus 
a small additional personnel force assigned to adminstrative duties. 

City Park Garage, Pershing Square, so designed and operated 
then represents a major step in the direction of alleviating the scarc- 
ity of parking facilities in Los Angeles. In recognition of existing 
similar scarcities in the numerous other major cities across the na- 
tion the following is suggested: 

In the highly congested business areas of such major cities, laws 
which require specified amounts of parking facilities are frequently 
neither practical nor applicable to the many existing large buildings. 
Neither do such laws present a solution to the problem of the lack 
of adequate parking facilities pertinent to work areas. Hence, the 
decentralization of such localities and the en masse migration to 
out-lying districts, where possible, for the purpose of survival. 

Where do we find the answer to survival of existing business 
when this migration is either impossible or impractical due to cost 
of land, building and utility structures, along with a host of other 
equally confining factors? Obviously, the solution must lie in the 
provision of facilities requisite to the continued existence of business 
enterprise long established and very definitely confined to their pres- 
ent locations by any single one or any combination of the aforemen- 
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tioned evils. Why, in great cities, do we not investigate the sub- 
terranean facilities which are available under surface occupied 
areas? The answer has been prohibitive costs. 

With progressive ideas and intensive study, this theory has been 
entirely exploded. In fact, intelligent exploitation and investigation 
of perfectly engineered sub-surface structures, on a cost vs. return 
basis, might prove to be very enlightening. 

By the experiment of actual design and construction in these 
unexplored sub-surface areas, it has become apparent that such 
areas are not forbidden territory to the challenge of survival to 
congested business, equally challenged by the necessity of catering 
to the automotive public. 

It would be an utter fallacy then, not to admit that the introduc- 
tion of 2000 easily parked automobiles to such congested business 
locales would alleviate to a great degree the increasing pressure 
under which many heretofore successful private enterprises are be- 
ing belabored. It becomes evident that the successful venture on 
one such large scale project, entirely different in type and design 
from any of its few predecessors, can be repeated to advantage in 
almost any other locale with similar perplexities. 














World-Wide Standards for the 
Devices of Traffic Control 


H. E. HILTS 


Mr. Hilts is Deputy Commissioner, Division of Design, Bureau of 
Public Roads, Department of Commerce. From 1907 to 1913, he 
was assistant engineer on the New York Central Railroad working 
with engineering design of railroad transportation facilities. For 
the next five years he was employed by industry in the location, 
design and construction of highways. In 1919 he became Deputy 
Chief Engineer of the Pennsylvania Department of Highways and 
remained in that position until 1925 when he again became asso- 
ciated with industry and spent the next eight years in work outside 
the United States. Mr. Hilts has been with the Bureau of Public 
Roads since 1936. Registered as a professional engineer in the state 
of Pennsylvania, he is a life member of the American Society of 
Civil Engineers, a member of the American Association of State 
Highway Officials, chairman of the Committee on Standards and 
of the Committee on Planning and Design Policies of that asso- 
ciation, and chairman of the Joint Committee on Uniform Traffic 
Control Devices. He was a member of the United Nations Group 
of Experts on Road Signs and Signals throughout its several years 
of work. 


TATISTICS tell us at least 70,400,000 motor vehicles were in 
use in the world in 1950. If the world ratio of drivers to vehicles 
equals that of the United States, over 90,000,000 of the world’s popu- 
lation are licensed to drive motor vehicles. It is fitting therefore that 
the Transport and Communications Commission of the United 
Nations Economic and Social Council has promoted an active pro- 
gram for developing a world-wide system of uniform traffic control 
devices that would be intelligible to all motor vehicle drivers where- 
ever they may be. The problem directly interests all of the 62,200,000 
drivers in the United States who must share the roads, here or 
abroad, with drivers of other countries. 
The safety and efficiency of highways everywhere depend upon 
the prompt and automatic recognition of all signs, signals, and 
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markings designed for the control of traffic. Americans drive their 
cars around the world. Cars hoisted from the holds of trans-Atlantic 
liners in European ports, American license plates on cars parked at 
continental hotels, and the large business of renting vehicles to 
American tourists traveling in Europe, all indicate that neither 
political nor physical boundaries can keep our motorists at home. 
Visiting motorists in this country are not uncommon. Though 
foreign license plates are rarely seen, many visitors drive cars that 
are registered here. The need for standardizing traffic control devices 
is by no means one-sided. 

Many Americans who have driven on European highways, some 
of them extensively in the course of their business, have commented 
on the effectiveness of the European symbolized signs, using a uni- 
versal language. They urge the simplification of world-wide highway 
signing practices, particularly in the adoption of easily understood 
symbols. 


Difficulties of Standardization 


Standardization of traffic control devices among independent govern- 
ments or even among local governmental units in some democracies 
must be voluntary, and voluntary agreements meet with many ob- 
stacles. In the case of traffic control devices, moves toward greater 
uniformity are resisted because of local familiarity with existing sys- 
tems, current large investments in local devices, or special local con- 
ditions that appear to justify distinctive local standards. Highway 
authorities are naturally averse to changing standard signs with 
which their people have become well acquainted, and they foresee a 
difficult program of re-education for their own drivers if they adopt 
standards developed elsewhere. ‘They also think of the traffic control 
devices that would have to be scrapped if rendered obsolete. 

Neither of these difficulties, however, appears to be insuperable. 
Any device that is reasonably intelligible will promptly become a 
part of motorists’ general knowledge, and replacements in most cases 
can be made gradually in the course of normal maintenance oper- 
ations with minimum additional cost. Special conditions may re- 
quire special treatment, but even so, it may be discovered that many 
local situations are not as unique as they seem. 
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UN’s Group of Experts on Road Signs and Signals 


In August and September 1949 the United Nations held in Geneva, 
Switzerland, a conference on road and motor transport. This was 
for the purpose of drafting a new world-wide convention on inter- 
national traffic to replace the earlier conventions of 1926 and 1931 
on the same subject. ‘The old conventions were concerned particu- 
larly with European conditions and were largely obsolete after nearly 
a quarter of a century. With regard to highway signs they prescribed 
a limited group of designs widely used on the continent of Europe 
and in a large part of the world outside the Americas. 

In the Western hemisphere the standardization of road signs and 
signals has been discussed at various inter-American highway con- 
ferences over a period of many years. The Third American Travel 
Congress at San Carlos de Bariloche, Argentina, in 1949 proposed 
the adoption of a single American system based on the United States 
Manual on Uniform Traffic Control Devices, but no continental con- 
vention has yet been prepared to carry out the proposal. 

The 1949 Geneva conference recognized that the current Euro- 
pean system of highway signs would never be acceptable to all the 
countries represented, particularly to the American nations. It 
considered the possibility of adopting two alternate systems, but 
rejected the proposal as assuring the perpetuation of two entirely 
different and, in some respects, conflicting schemes. 

‘,.. Vith a general desire for one world-wide system, and hope that 
ine two existing systems might be amalgamated in a reasonable 
period of time, the conference recommended that the Transport 
and Communications Commission of the United Nations further 
study the problems of establishing world-wide standardization of 
highway signs and signals. The Commission accepted this responsi- 
bility and in 1950 appointed a group of six experts from the six 
major continental areas to prepare recommendations. Meanwhile, 
it expressed the hope that no government would take any steps that 
would stand in the way of the acceptance of a unified system in the 
future. 

The group of experts held three extended sessions in 1950, 1951, 
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and 1952. As a basis for all its work, it was necessary first to review 
the existing situation as to the standardization of signs and signals 
in various parts of the world. 


Present Regional Practices 


Two principal systems, with variations, are at present in use, com- 
monly referred to as the European and the American systems. Both 
of them provide for three generally corresponding classes of signs, 
danger warning, regulatory, and informative. The basic differences 
between the two systems are (1) in the use of symbols by the Euro- 
pean system while the American system, although using some sym- 
bols, relies chiefly on the use of inscriptions, and (2) in the shapes 
and colors used for the several classifications of signs. Because of 
difference in languages and symbolism, neither system is immediately 
intelligible to strangers, but both have effectively served those edu- 
cated to their use. 

Widely different practices were reported from many countries, 
though most of them have based their highway signs largely upon 
either the European or American system. 

Africa: North Africa has continued to use the European system. 
A modified uniform system for South Africa was devised at the 
Central and Southern Africa Conference at Johannesburg in 1950, 
when the conference recommended a new system containing features 
designed to solve particular regional problems. In this scheme a . 
triangle or disc characterizes danger warning or regulatory signs, 
respectively, the nature of the warning or regulation being shown 
symbolically on a rectangular plate below. 

Asia and the Far East: Road signs in Asia have to overcome a 
particularly different problem of diversity of languages, hence the 
general use of symbols. The number of signs is limited and the sys- 
tems used are comparatively simple. While the European system 
has been followed in a few countries, most of the area has followed 
the British practice in which a rectangular message plate is sur- 
mounted by a red triangle or disc. 

Japan has its own system. Danger warning signs are now of the 














138 TRAFFIC QUARTERLY 


American type, while regulatory and informative signs have greater 
resemblance to the European system. 

Europe: In the countries of Europe all the distinctive features 
of the system—color, size, and symbols—vary only slightly from 
country to country. An important exception to this rule is the United 
Kingdom’s alternate system in which symbols and inscriptions are 
shown on a separate plate below the characteristic triangle or disc. 
Inscriptions are used extensively on all classes of signs. 

Near and Middle East: The European system has been used in 
most of the Near and Middle East in the limited amount of sign 
installation undertaken. Symbols are a necessity in most of this 
region although in Egypt and some other countries the European 
system has been modified, particularly by the addition of plates 
bearing inscriptions in Arabic and English and/or French. 

In Turkey the American system has been introduced on an 
experimental basis and has proved satisfactory. 

North America: The American system used in North America 
has been developed simultaneously with the European system, since 
about 1925. The first American manual of signs for rural highways 
was published in 1927 by the American Association of State Highway 
Officials. It was coordinated with standards for urban signs, signals, 
and pavement markings, and published as the first ‘Manual on Uni- 
form Traffic Control Devices for Streets and Highways” in 1935. Its 
latest revision was in 1948. 

This Manual has served as a model for the provincial regulations 
of most of Canada and for the regulations issued by Mexico. The 
standard signs use either symbols or inscriptions, or both. The in- 
scriptions are in English in the United States, bilingual in some parts 
of Canada, and in Spanish in Mexico. 

Central and South America: The systematic use of standard road 
signs prevails in only a few of the South American countries. The 
general practice follows the American system. Some of the countries 
have adopted the Manual on Uniform Traffic Control Devices as a 
standard, but with inscriptions in the native language. Some South 
American countries have made good progress in providing signs and 
erecting signals, and using pavement markings in urban places. 
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Studies and Tests Made by the Group of Experts 


At its first meeting, the United Nations group of experts agreed that 
its recommendations should be based, when possible, upon scientific 
research rather than on personal experience or opinions. Some of 
the necessary data were not available from any known source. It was 
proposed therefore that individual members of the group conduct 
certain studies in their respective regions during the intervals be- 
tween group meetings. 

Since danger warning signs appeared to be the critical problem 
in standardization, a first series of tests was planned to obtain data as 
to visibility and legibility of such signs as affected by (1) dimensions 
of the signs and their symbols or inscriptions, (2) colors and (3) 
shapes. In as uniform a manner as local conditions permitted, each 
member of the group of experts conducted tests on identical sets of 
reflectorized warning signs. Four different messages (curve, cross- 
road, railroad crossing, and narrow road) were selected and made 
up according to the European, the American, and the Central and 
South Africa standards. Each design was duplicated in two color 
schemes, representing European and American practice respectively. 
The set of twenty-four test signs is illustrated in Figure 1. 

Visibility and legibility were measured for the most part under 
actual driving conditions at fifty miles an hour with some supple- 
mental observations at slow or walking speeds. Nearly every kind of 
weather and roadside background was included. A few laboratory 
tests were made on scale models. 

The findings generally indicated that all the designs provided 
satisfactory visibility, but that there were significant differences in 
legibility distance. Other things being equal, maximum legibility 
was developed with black symbols on a yellow background, and with 
symbols of bold design, strong outline, and large area. Symbols were 
definitely superior to word messages and the diamond shape of the 
American design permitted the most effective use of the plate area. 

Between the second and third sessions, members of the group 
conducted independent studies particularly with regard to regu- 
latory signs. In the United States, the tests were designed to explore 
(1) the effectiveness of symbols in conveying regulatory messages to 
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Ficure 1. Test sign designs for United Nations Group of Experts on Road Signs and 
Signals, 1951. 
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the average American driver and (2) his preference for certain sym- 
bols among alternative designs, and for symbols as compared with 
word messages. From these tests it was apparent that there was no 
basic obstacle to the use of symbols for at least a limited group of sign 
messages. 

Other studies here and abroad were concerned with the size and 
placement of symbols. Further experiments were made in the de- 
velopment of symbols for certain danger warning signs on which 
agreement had not previously been reached, and for the stop sign. 
Finally, in this country and France, investigations were made as toa 
possible physical or chemical definition of the yellow color for 
danger warning signs. 


Conclusions and Recommendations of the Group 


On the basis of experience, research, and discussion, the group at its 
third and final session prepared a report of its recommendations, 
including a “Draft Convention”’ for ratification or accession by the 
nations of the world. Three categories of signs were defined by the 
group as now in general use: 


a. Danger warning signs 
b. Regulatory signs 
c. Informative signs 


Danger warning signs. The establishment of a uniform system of 
signs hinges largely on the unification of danger warning signs. In its 
recommendations for this class of signs, the group was substantially 
influenced by results of its field research into color, shape, and 
symbolization. 

The basic criteria for the design of any highway signs are 
legibility, ready comprehension, simplicity, and economy. Hence, 
for danger warning signs the two-color combination of black symbols 
ona yellow ground was chosen for its excellent legibility by day and 
by night. Although several options were allowed as to the shape of 
the sign plate—the American diamond, the European triangle, and 
the Central and South Africa combination of a triangle or a disc 
surmounting a plate carrying the symbol—the diamond was recom- 
mended as the long-term objective because it permits the use of 
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larger symbols and thus results in increased legibility. The field tests 
had disclosed no increase in efficiency by the addition of a third color 
and the diamond is an economical shape to produce. 

As to definition of the yellow background color the group was of 
the opinion that the several governments would have means of 
providing national specifications for “traffic yellow,’’ such as color 
cards or colorimetric formulas. To further research on this problem, 
the group recommended that the question should, at the initiative 
of governments, be submitted for study by a qualified international 
body, such as the International Organization for Standardization 
(ISO). 

The number of symbols for danger warning signs was kept to a 
minimum compatible with the needs of international traffic. 
Measures were suggested to insure uniformity in signs that might be 
added to the list in the future. To interpret the uniform symbols 
when first introduced in a country, the group suggested the use of 
inscriptions on separate plates when considered necessary. 

The standard symbols for danger warning signs proposed by the 
group are shown in Figure 2. Reading from left to right and top to 
bottom, they are as follows: 





Alinement Stop sign ahead 
Turn Profile 
Curve Bump 
Reverse turn Dip 
Winding road Rough road 
Road intersections Dangerous hill (up or down) 
Crossroad Road narrows 
Side road Narrow bridge 
Oblique side road Draw bridge 
z Men working 
= Slippery road 
Intersection with minor road Pedestrian crossing 
or non-priority road Children 
Crossroad Animals 
Side road Low clearance 
Oblique side road Narrow clearance 
T Railroad crossing (advance) 
Y Crossing not protected by gates 


Protected by solid barrier gates 
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The “position” sign for railroad crossings is to be a “crossbuck” 
similar to that used in this country. 


Regulatory signs. In a number of countries domestic legislation 
necessitates the placing of inscriptions on regulatory signs. The 
group recognized the need for conveying the message in a manner 
uniformly understandable as to the regulatory character of the sign 
and the nature of the regulation indicated, since the failure clearly 
to indicate an existing regulation might result in unwitting offense 
and consequent penalty. 

In many regions of the world where regulatory signs are sym- 
bolized according to the European system, the distinctive insignia 
for such signs has been a disc with a prominent red border enclosing 
a black symbol. The group after full consideration of existing stand- 
ards and its own studies, agreed that the most desirable design would 
be a circular band of a specified minimum size enclosing a uniform 
symbol, this basic insignia to be placed above an inscription if such 
is required by the commonly accepted practice in the country in- 
volved. This would permit the use of a circular piate or of a rec- 
tangular plate embodying or surmounted by a disc. 

The group appreciated the increased manufacturing cost of signs 
of more than two colors as well as the practice in the western hemi- 
sphere of expressing different degrees of regulation by the use of 
different two-color combinations. For this reason the colors for 
regulatory signs were specified as a light ground with a darker border 
and insignia. However, in a supplemental recommendation, red is 
indicated as the desirable color of the circular band. 

For a sign imposing a prohibition, it was specified that there 
should be an oblique bar drawn across the ring, and of the same color 
as the ring. 

The group was not prepared to make a recommendation on the 
design and placement of the ‘one-way street’ sign at this time. It 
recognized that the rectangular American sign, containing a large 
horizontal arrow bearing the inscription ‘One-way’ and placed 
parallel to the one-way street (at corners of intersections, facing traffic 
intersecting or crossing a one-way street), is used increasingly and 
appears to be very efficient. This sign, however, does not seem to be 
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adapted to showing the insignia of regulatory signs as prescribed in 
the proposed standards. 

The symbols agreed upon for regulatory signs are shown in 
Figure 3 as they might be incorporated in American standard signs. 
While these are shown in three colors (the stippling representing 
red), a two-color design would also be permissible. 

Because of the singular importance of the ‘Stop sign’ in the 
adoption of a world-wide system, it was felt necessary to consider this 
sign separately, and to accept a stop sign which would be uniform in 
shape, symbol, and color combination. The group at first felt that 
the word ‘Stop’ might in itself serve as the symbol, but after fuller 
consideration it was recognized that in certain parts of the world this 
would not be intelligible. Furthermore, the use of an inscription in 
the native language is required by law in some countries. It was 
accordingly prescribed that there should be combined with the word 
Stop (or its equivalent in the various countries) the general danger 
warning symbol for the intersection of a main road. In view of the 
present tendency to replace the “priority road” system by the system 
of “stop” roads, special emphasis was given to the stop sign, but for 
those countries having priority roads, a special priority road sign was 
provided. This is shown, together with the stop sign, in Figure 4. 


Informative signs. No great problem was found with regard to the 
standardization of informative signs. Generally uniform specifi- 
cations were prescribed for each category of informative signs, 
namely advance direction signs, direction signs, road markers, and 
signs giving general information. 


Traffic light signals. The discussions of the group disclosed that 
considerable uniformity now exists in the operation of traffic light 
signals. The progress being made in the application of such signals 
led the group, in the interest of traffic safety, to specify that in the 
three-color system the amber light should be used only following the 
green light, and to define the meanings to be given to amber or red 
flashing lights. Furthermore, distinctions were made between the 
flashing red lights used at road intersections and those used at high- 
way-railroad grade crossings. It was agreed that the question of color 
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Ficure 3. Proposed United Nations regulatory sign symbols. 
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blind drivers in relation to traffic signals was a matter to be handled 
by domestic legislation. 


Pavement markings. The use of pavement markings seems to be 
increasing throughout the world. Despite their seasonal and main- 
tenance limitations, they provide effective means to supplement 





Ficure 4. Stop sign and priority road sign proposed by United Nations Group of Ex- 
perts on Road Signs and Signals. 


signs or signals, and by themselves to convey certain warnings or 
recommendations to traffic. The group’s recommendations for the 
design and use of pavement markings in a limited range of appli- 
cation were based generally upon American practice as set forth in 
the Manual on Uniform Traffic Control Devices. 


Hand Signals by Traffic Police. In its original agenda, the group 
contemplated the establishment of uniform hand signal systems for 
use by traffic police. It was finally decided to make no recommen- 
dations for standardizing such hand signals as the majority of 
standards in use have the same or very similar basic characteristics, 
and are not likely to be confusing to road users. 


The Proposed Draft Convention 


The proposed international convention as drafted by the group of 
experts consists of five parts: 
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Part I, three articles of General Provisions 
Part II, twenty-five articles on Road Signs 
Part III, one article on Traffic Light Signals 
Part IV, five articles on Road Markings 
Part V, nine articles of Final Provisions 


Part I—General provisions. Since adherence to a proposed uniform 
scheme must in its final analysis be voluntary and since any sudden 
large-scale change in existing systems would be prohibitive in cost 
and might cause confusion among drivers, the convention provides 
that the signatory parties will take measures to apply its terms ‘‘as 
soon as practicable, and gradually if necessary.” The group felt that 
gradual application of the uniform system would be the best method 
of securing eventual acceptance and so uniformity on a world-wide 
scale. Conversely, the convention will assist some countries that so 
desire to proceed immediately with a program that is within the 
framework of the convention and thus preclude drastic changes in 
the future. 

The group concluded that no system of traffic signs however 
good, could be fully effective in accident prevention in the absence of 
reasonable surface and roadside maintenance, and in the presence of 
conflicting and distracting roadside advertising boards. The con- 
vention provides therefore that steps be taken to abolish this form of 
publicity or at the very least make it permissive only if subject to 
regulations safeguarding road signs with respect to prominence, 
color, shape, and placement. 


Part II—Road signs. The shapes, colors, and symbolization of the 
several classes of road signs are prescribed, as well as minimum sizes 
for plates and symbols. Additions to the list of symbois may be made 
by amendment to the convention in accordance with the procedure 
set forth elsewhere in the document. Supplemental signs (pre- 
sumably word messages) may be used to facilitate the interpretation 
of symbols, and during the transitional period of introducing the 
new signs the old local signs may remain to supplement the new ones. 
The correct placement of signs along the roadside is also prescribed. 


Part II1I—Traffic light signals. Except that a two-color (red and 
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green) signal is permitted, as well as the more usual three-color 
scheme, the proposed standards follow closely those of this country. 


Part IV—Pavement markings. The proposed standards for pavement 
markings are wholly consistent with American practice as far as they 
go. The meanings given to solid and broken center lines are in ac- 
cordance with our most common usage and our standard “‘no-passing 
zone”’ striping is accepted. 


Part V—Final provisions. The last nine articles of the convention 
deal in detail with procedure for ratification by the various countries. 
The convention shall enter into force fifteen months after the date 
of deposit of the fifth instrument of ratification or accession, at which 
time all previous international agreements relating to road signs and 
signals must be terminated by the contracting states. Means are 
provided tor initiating and adopting amendments. 


Concluding Recommendations 


In concluding its work, the group suggested to the Transport and 
Communications Commission of the United Nations (which has the 
task of advising the United Nations Economic and Social Council) 
that further steps should be taken to secure the world-wide adoption 
of a uniform system of road signs and signals. It was their consensus, 
because of the complexity of the problems involved in changing 
from existing systems to a uniform system, that a direct exchange of 
views by governments, such as can be achieved only at a conference, 
is essential. 

Members of the group suggested that it would be helpful to the 
authorities in the various countries and would speed up implemen- 
tation and further serve the purpose of uniformity if subsequently 
to the adoption of the convention, an ad hoc body were to prepare a 
guide to the implementation of the convention. 














‘Parking Authorities” 
EDWARD G. MOGREN 


Mr. Mogren joined the staff cf the Eno Foundation as Resident Re- 
search Engineer in June, 1950, after a year’s work at the Bureau 
of Highway Traffic, Yale University. He had previously served in 
the testing and research department of the Michigan State High- 
way Department. 


HE parking authority is steadily gaining favor. Experience is 

proving it an appropriate administrative form for dealing with 
large city off-street parking difficulties. Chief among the reasons for 
this trend are the financing advantages available in authority 
management. - 

Cities continue to encounter demands for more and better 
services. Not the least of these arise from the continually expanding 
use of the private automobile. Traffic control systems, new roadways, 
improvements on existing travel facilities and additional parking 
places are typical automobile-fostered municipal necessities. In pro- 
viding essential municipal services, officials are hampered by an 
economic poser. 

Spiraling costs of maintaining existing services and develop- 
mental costs of providing the newer and equally critical services must 
both be met from severely limited sources of municipal revenue. Off- 
street parking is a costly service that few cities find they can develop 
within their constitutional debt limitations. One method of circum- 
venting these debt limitations in order to defray the expense of 
essential parking construction is found in the authority device. 

The Parking Authority is a special purpose, public benefit 
corporation. Endowed with broad powers, its operations are not 
unlike those of a private corporation. It is a separate legal entity, 
created by governmental action but existing outside of the normal 


1 A brief review of the forthcoming Eno Foundation report, PARKING AUTHORITIES. This 
publication provides a discussion of the development of parking authorities, a review of 
enabling legislation, an evaluation of the advantages and disadvantages of authority manage- 
ment and a report of what is being accomplished by some existing parking authorities. 
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governmental structure, completely autonomous in the adminis- 
tration of a city off-street parking program.” 

All parking authority activities are carried out on a self-sustain- 
ing financial basis. Initial capital is usually obtained by borrowing 
against anticipated revenues through the issuance and sale of reve- 
nue bonds. Ordinarily no general funds of the city are used. Simi- 
larly, the credit or borrowing power of the city is not involved in 
authority financial transactions. 

Under most enabling acts, the parking authority is directed by a 
governing board of five members. Appointed by the mayor, board 
members are usually local business men, thoroughly familiar with 
sound business procedures. ‘This tends to bring business-like oper- 
ation to the authority, for a governing board free of political charac- 
teristics is able to base important decisions on purely economic 
rather than political reasoning. Board members receive no compen- 
sation for their services, but are entitled to necessary expenses in- 
curred in the discharge of authority activities. Terms of office are 
staggered so the term of one member expires each year. 

This procedure promotes continuity of authority policy and 
activity to a greater degree than might be realized under direct 
municipal operation, where an election could result in disruptive 
major administration changes. In addition, the periodic introduc- 
tion of new interest to the governing board is a means of integrating 
authority thinking with the changing aspects of a municipality’s 
parking needs. 

Parking authority board members may be removed for just 
cause by the mayor or other designated appointive agency. All in- 
terim vacancies whether created by removal or other circumstances, 
are filled by appointment for the unexpired portion of the term. 


2 At least twenty-six cities have adopted the authority form of management as a means 
of dealing with their growing parking problems. These are: San Francisco, San Jose and 
Santa Monica, California; Norwalk, Connecticut; Wilmington, Delaware; Augusta, Maine; 
Hackensack, Jersey City, New Brunswick, Passaic, Paterson and Trenton, New Jersey; Elmira, 
Peekskill, Syracuse .and White Plains, New York; Raleigh, North Carolina; Johnstown, 
Lansdale, McKeesport, New Kensington, Philadelphia, Pittsburgh and Uniontown, Pennsyl- 
vania; Knoxville, Tennessee and Norfolk, Virginia. 

In at least four states, California, Delaware, New Jersey and Pennsylvania, the legislation 
permits all cities to create antonomous parking authorities. Other states have granted this 
power to individual cities or classes of cities. 
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Delaware and Pennsylvania parking authority members may, ac- 
cording to enabling legislation, succeed themselves. This means of 
retaining administrators with proved effectiveness is not provided 
for in other Authority legislation. 

Because all Authority board members are appointed by the head 
of the local government, some degree of indirect control of authority 
activities is provided. It is not to be expected that the attitude of 
board members toward parking matters will differ too much from 
that of the agency responsible for their appointment. On the other 
hand, the local governing body is generally denied powers that might 
be used to unduly influence authority thinking. The stipulation 
that board member removal from office may be made only for official 
misconduct is one example of how local government control over 
authority activities is curtailed. 

An adequate off-street parking program is a vital factor in the 
economic and civic well-being of a city. Effective administration of 
the self-financed parking authority requires business acumen of a 
high degree. Except for relatively minor residential and political 
considerations, most legislation does not set down standards for 
selecting authority governing board members. Because of their im- 
portance to the successful operation of the authority, the principal 
qualifications for membership should be the twin attributes of 
proved ability and recognized probity. Additional qualifications, 
which if considered at the time of board member appointment, 
would forestall later criticism of authority management are; 


1. The unquestioned financial standing of board members. 

2. The absence of direct interest by any board member in property, 
services or materials which may be involved in the parking 
program. 

g. Previous records of board members’ worthwhile service in non- 
political, civic activity. 


To permit only political considerations to enter into board member 
selection is to hamper authority effectiveness by testing the public’s 
confidence in its competence. 

Extensive powers granted authorities permit the development 
of a flexible and sensitive administrative agency. The necessity for 
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financing solely through revenue bonds balances this fluid adminis- 
trative set-up, for bonds are attractive to potential investors only 
when sound administrative decisions have been made. 

The parking authority is charged with full responsibility for a 
city’s entire off-street parking program. Through proper engineer- 
ing, legal, financial and administrative techniques, parking space 
deficiencies are determined, suitable sites selected and prudently 
sound facilities developed. Flexibility in manner of operation is a 
prime asset of the parking authority. 

Its intent is not to exclude private enterprise from the parking 
field. Rather, where substantial services are rendered by privately 
owned facilities, parking authority activity is aimed at supplement- 
ing such operation and stimulating the extension of private in- 
stallations. In areas where private initiative in parking is ineffective 
or non-existent, authority activities are directed toward coordinating 
city-sponsored facilities into a comprehensive system. Merchant and 
business man cooperation in the development of attractive, service- 
able parking places is possible under authority parking management. 

Summarized, the purposes of parking authorities provide an ex- 
cellent outline for the development of a logical action program to 
guide authority activity. 

1. Conduct, or cause to be conducted, factual studies to locate 
sites and determine appropriate size and type parking facilities to 
meet requirements. 

2. Make the results of these studies and the conclusions derived 
therefrom available to private individuals as a means of stimulating 
their interest and investment activity. 

3. Assist organized groups, merchants, business men and others 
in any parking activity they may undertake. 

4. Acquire property, finance, construct and operate facilities. 

5. Control the location, servicing, and maintenance of parking 
meters at curb and off-street locations. 

6. Administer minimum operating regulations for both public 
and privately owned off-street parking installations.* 

8A discussion relative to municipal licensing of off-street parking facilities, with pro- 


vision for a reasonable degree of control of their operations is available. This publication, 
MUNICIPAL REGULATION OF PARKING LOTS, contains a model ordinance for the regulation of 
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4. Prepare a rational master plan of off-street parking to meet 
present and probable future parking needs. 

8. Periodically re-evaluate parking needs to update the master 
plan in accordance with changing parking conditions. 

Powers granted parking authority governing boards to ac- 
complish these purposes are extensive. They are similar in extent 
and kind to those enjoyed by private corporations. With few ex- 
ceptions the basic powers delegated are surprisingly consistent 
among the states which permit the use of parking authorities. Such 
similarity of intent is evidence that conscientious legislative thought 
and study develop considerable agreement and likeness of opinion as 
to the scope of power required for successful authority operation. 

Briefly, the powers granted parking authorities are: 

1. To have existence for a specified term (most often fifty years) 
as a corporation. 

2. Tosue and be sued. 

3. Toadopt and use a corporate seal. 

4. To enact by-laws for the management and regulation of its 
own affairs. 

5. To employ agents, employees and servants; to prescribe their 
duties and fix their compensation. 

6. To contract for group insurance and set up pension and re- 
tirement fund for its employees. 

7. To acquire, purchase, lease and use property for carrying out 
the purposes of the authority. 

8. To acquire by purchase, lease or otherwise and to construct, 
improve, maintain and operate parking projects. 

g. To fix, alter, change and collect rates for its facilities at reason- 
able rates to be determined exclusively by it. 

10. To borrow money, make and issue negotiable notes, bonds 
and other evidences of indebtedness. 

11. To make contracts of every name and nature. 

i2. To borrow money, accept grants, enter into contracts or 
other transactions with the federal government, state, city, corpo- 
ration or other authority. 





parking lots and may be obtained upon request from the Eno Foundation for Highway 
Traffic Control, Inc., Saugatuck, Connecticut. 
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13. To exercise the power of eminent domain. 

14. Todoallacts and things necessary to promote its business. 

15. Toencumber all or any part of its revenues or receipts. 

The broad terms in which these powers are usually set forth per- 
mit the adoption of the most advantageous course for authority 
operations. Authorization to acquire property by lease, purchase or 
condemnation, evidences legislative awareness of the importance of 
proper siting in successful parking development. Experience has 
proved that the specified authority to condemn property for parking 
improvement generally makes it possible for the parking agency to 
purchase or lease land at an equitable price before actually filing 
condemnation proceedings. Power to obtain possession under lease 
provides authority freedom in adapting circumstances to the de- 
velopment of parking improvements. Provision that parking facili- 
ties may be leased to private interests for operation adds to authority 
flexibility. It is also a means of improving authority operational 
efficiency by making it possible to retain the technical know-how of 
experienced parking facility operators. 

Not the least important aspect of the broad powers granted park- 
ing authorities is their effect on authority financial dealings. The 
presence of clear, assured legal power to deal forthrightly with park- 
ing difficulties is beneficial in the marketing of authority securities. 
Many advantages are cited for authority management of city off- 
street parking programs. Among them are the following; 

1. Anauthority provides the agency for initiating relief measures 
on a scale commensurate with the size and seriousness of the problem. 

2. Powers given the agency are broad enough to permit it to deal 
effectively with the problem, but sufficiently restricted to prevent 
misuse. 

3. With the extensive powers granted parking authorities, they 
can plan and pursue the most advantageous course in providing 
municipal parking, whether that be through leasing particularly 
suitable sites, outright purchase of locations, or cooperative action 
with existing parking concerns or organized citizen groups. 

4. The authority is a self-sustaining organization, powers to levy 
or assess general taxes are not normally granted, and none of the 
debt incurred by authorities obligates the taxpayer or impairs the 
city credit. 
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5. Being independent, authorities are not subject to annual 
budget considerations, nor sensitive to policy alterations of periodic 
political change. ‘This security makes possible the attraction of 
competent, experienced administrators who are wary of anything 
political. 

6. Because of their autonomous nature, parking authorities are 
free of political pressures often found in municipal departmental 
government. 

7. Being dependent upon their own earnings for continuation, 
there is incentive in authority operation to develop high manage- 
ment and personnel efficiency. 

8. The centralized responsibility for all parking development 
that accompanies authority management minimizes financing prob- 
lems and permits the development of uniform, high standards of 
service. 

g. Having only one responsibility, authorities can maintain 
constant contact with the changing aspects of that one problem and 
provide the city with a permanent, unified parking system. 

10. Because they are non-profit, public benefit corporations, 
authorities can be expected to provide a coordinated system of stable, 
convenient off-street parking at reasonable rates. 

11. Parking authority administration makes possible the distri- 
bution of parking costs in the ratio of use among those availing them- 
selves of the facilities. 

There are disadvantages associated with authority adminis- 
tration for off-street parking. Principal among these are the sub- 
stantially higher debt service charges which such agencies must 
usually pay. Any city with an unimpaired credit record can borrow 
money for parking development at lower interest rates than can an 
authority. 

The capacity for independent action provided authorities, and 
necessary to their effective operation, is administered by a group 
which, in the manner of its creation, is beyond immediate public 
control. Authority governing board members may be removed only 
for acts of official misconduct. Therefore, authority members wield 
powers equivalent to those of an official government agency but 
without the control and restraints that the electorate exercise over 
government operations. 
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The third major disadvantage to authority operation is found in 
the argument of administrative economy. Complete separation of 
authority operation from the governmental structure leads to dupli- 
cation of personnel, facilities, efforts and activities now contained in 
established city departments. 

Whether the advantages of authority management for off-street 
parking outweigh the disadvantages has not been conclusively de- 
termined. The authority idea has been adapted to off-street parking 
administration too recently for that. Existing parking authorities 
seem to be functioning satisfactorily. Decision as to the suitability of 
the authority form over other ways in which the municipal govern- 
ment can assign the responsibilities of administering the parking or- 
ganization must be deferred pending the accumulation of additional 
experience. In the end, the suitability of the parking authority will 
be proved or disproved only by the degree of success achieved in the 
actual use of such agencies. It is the purpose and intent of parking 
authority legislation to create and empower an agency to do any and 
all things necessary or desirable to secure any and all physical and 
financial aid or cooperation in the undertaking, construction, 
maintenance and operation of a city off-street parking program. 

Criticism is occasionally directed at the powers granted these 
agencies. Charges of “unsound surrender by the city of control over 
its own affairs” and “the allocation of unprecedented and dangerous 
power to authority members” are common. The validity of such 
claims is debatable. Development of a successful city-wide off-street 
parking program poses unique finance and management problems. 
The necessity for producing revenues to meet operating expenses, 
debt service charges and principal payments is not usually present 
in other phases of municipal management. To effectively conduct 
this type of business, management must be accorded a degree of 
operational freedom not ordinarily granted administrators of other 
municipal departments. The proprietary nature of municipal pro- 
vision for off-street parking by means of the authority device requires 
these broad powers if authority activities are to be facilitated and 
not hampered. 

One of the conditions handicapping municipal action in alleviat- 
ing parking situations is diffusion of responsibility. In the majority 
of cities many agencies have powers and duties relating to different 
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phases of off-street parking matters. No single office is charged with 
the responsibility for studying parking conditions, and for planning 
and activating programs needed for substantial relief. In the larger 
cities at least it would seem that efforts to ease the problem will con- 
tinue to be spasmodic, uncoordinated, duplicative and ineffectual 
until some central agency is created and endowed with appropriate 
power. The authority is looked on by many as the logical form that 
such an agency might take. It provides for the assignment of responsi- 
bility and power, a necessary first step for positive municipal parking 
activity. 
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THE ENO FOUNDATION FOR HIGHWAY TRAFFIC CONTROL 


THE BOARD OF DIRECTORS 


CoLonEt Rosert C, F. Gorrz, U.S.A. Retired, Chairman and President 
CourTLAnD Kesey, Attorney, New York, N.Y., Vice President 

Cuaries M. UrHAM, Consulting Engineer, Washington, D.\., Vice President 
GEorGE PaRMLY Day, Yale University 

ALBERTA A. DRAYTON 

Puitip K. Smiru, New York, N.Y., Treasurer and Assistant Secretary 

Mary S. Briopy, Secretary and Assistant Treasurer 


Roscoz E:iarp, Director of Instruction, Graduate Journalism Faculty, Columbia 
University, New York, N.Y., Editorial Consultant 

Wisvr S. Smrtu, Associate Director, Bureau of Highway Traffic, Yale University, New 
Haven, Connecticut, Technical Advisor 

Epwarp G. Mocren, Resident Traffic Engineer 


THE BOARD OF CONSULTANTS 
Terms Expire February 1953 


Frep Burcorir, Director, Highway Research Board, Washington, D. C, 

NATHAN CHERNIACK, Economist, The Port of New York Authority, N. Y. 

Txomas Desmonp, New York State Senator, Newburgh, N. Y. 

D. C. Greer, State Highway Engineer, Texas Highway Department 

Burton W. Marsu, A. A. A. Washington, D. C. 

ARTHUR MILLER, former Inspector, Metropolitan Police Department, Washington, D.C. 
H. G. Sours, Columbus, Ohio 


Terms Expire February 1954 


J. A. Anperson, Commissioner, Dept. of Highway, Commonwealth of Virginia 

Epcar F. Corett, Traffic Engineer, Dept. of Public Works, Mass. 

Major GENERAL Pur B. Fteminc, Ambassador to Costa Rica; formerly, Chairman, 
the President’s Highway Conference, Washington, D. C. 

MAXWELL Hatsey, Executive Secretary, Michigan State Safety Commission 

PauL HorrMan, President, Ford Foundation, Detroit, Michigan 

Tueopore M. Matson, Director, Bureau of Highway Traffic, Yale University 

Cuarces M. Noste, Chief Engineer, New Jersey Turnpike Authority 


Terms Expire February 1955 


Freperick P. Ciark, Planning Consultant, Rye, New York 

RANpoLPH Co.uter, California State Senator, Sacramento, California 

WriuiaM Eno DeBuys, Baltimore, Maryland 

W. L. Grotu, Department of State Police, Virginia 

Norman Kennepy, Associate Engineer, Institute of Transportation and Traffic Engi- 
neering, University of California 

T. E. TRanseau, Bureau of Highway Safety, Pennsylvania 

Licut B. Yost, Director, Field Operations Section, General Motors Corporation, 
Detroit, Michigan 
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